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MEETINGS JANUARY-JUNE | 
NEW YORK MEETING, JANUARY 11 


A meeting of the Society held in New York on January 11 was 
devoted to a discussion on Lubrication. C. F. Mabery, Professor 
of Chemistry at the Case School of Applied Science, Cleveland, pre- 
sented a paper on Lubrication and Lubricants, dealing largely with 
laboratory tests in the performance of which Dr. Mabery has been 
signally successful and from which he has deduced interesting results 
both with oils alone, and with oil and graphite and water and 
graphite. 

Following Dr. Mabery’s address, a paper by F. H. Sibley upon 
Efficiency Tests of Lubricating Oils, was read by Charles E. Lucke. 
The discussion was opened by P. H. Conradson, chief chemist of the 
Galena-Signal Oil Company, Franklin, Pa., who sought to show the 
extent to which laboratory practice might be expected to have a bear- 
ing on the performance of lubricants in actual practice and explained 
certain practical considerations that must be taken into account in 
the lubrication of different types of machinery. Others who contri- 
buted to the discussion were William M. Davis, Henry Souther, 
F. R. Low, D. 8. Jacobus, C. A. Hague and George A. Orrok. © 


BOSTON MEETING, JANUARY 31 e 


A meeting of the Society held in Boston on January 31 took the 
form of a dinner, given in honor of the presidents of The American 
Society of Mechanical Engineers, the Boston Society of Civil Engi- 
neers, and the Boston Section of the American Institute of Electrical 
Engineers, George Westinghouse, George B. Francis and L. B. Still- 
well; also to John A. Bensel, president of the American Society of Civil 
Engineers, and other distinguished guests. While the attendance 
was mainly from Boston and vicinity, there was a large representa- 
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tion from New York and a considerable number from other cities. 
The meeting emphasized in an unmistakable way the cordial rela- 
tions existing between the different branches of the profession and 
the earnest desire for coéperation. 

Following the dinner, C. B. Edwards, chief engineer of the Fore — 
River Shipbuilding Company, gave a talk, illustrated by lantern 
slides, on The Main and Auxiliary Machinery of the Battleship North 
Dakota. This is the new “Dreadnaught” of the U.S. Navy, turbine 
driven of 20,000 tons capacity. Photographs were thrown on the 
screen of the ship under trial, of the machinery after installation, and 
many detail drawings were shown of the arrangement of the boilers, 
machinery and piping. ; 

After the presentation and discussion of a plan for erecting an engi- 
neering building and clubhouse in Boston, the principal speaker of 
the evening, George Westinghouse, was introduced. 7 

Mr. Westinghouse dwelt especially on the necessity of combined 
influence and of the power which the engineering societies had to | 
better conditions by showing, from their knowledge and experience, — 
that unregulated competition and rivalry in business have made ideal — 
practice in industrial engineering most difficult of realization. In — 
illustration, he spoke of the electrical industry, in which with the _ 
single exception of uniform bases for incandescent lamps there were > . 
practically no standards. In consequence, many millions of dollars — 
had been added to investment already made in installations of elec- _ 
trical machinery, through lack of standardization of motors and other - 
important parts. By coéperation in the development of apparatus, 
by the use of the same designs and by the exchange of engineering | 
and manufacturing particulars, he believed the very best of all kinds 
of electrical machinery could be evolved and that the products of the 
companies could be made interchangeable, not only to the advantage 
of the consumers but to the companies themselves. He advocated 
further the establishment of a bureau of standardization which should _ 
undertake the reform of such existing practice. 


_-——,s NEW YORK MEETING, FEBRUARY 8 


At a meeting of the Society in New York on February 8, a 
bronze memorial tablet erected in the rooms of the Society to — 
Robert Henry Thurston, its first President, was formally dedicated. 
An account of the meeting appears elsewhere in this volume of 
Transactions. 
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BOSTON MEETING, FEBRUARY 16 ei 


A meeting of the Society in coéperation with the Boston Section 
of the American Institute of Electrical Engineers and the Boston 
Society of Civil Engineers was held on February 16 in Boston. An 
informal dinner preceded the meeting. David P. Rushmore, Mem. 
Am.Soc.M.E., chairman of the Industrial Power Committee of the 
Institute, presided during the presentation of the following papers: 
The Applicability of Electrical Power to Industrial Establishments, 
by Dugald C. Jackson, Mem.Am.Soc.M.E.; Central Stations vs. 
Isolated Plants for Textile Mills, by Charles T. Main, Mem.Am.Soc. 
M.E.; The Supply of Electrical Power for Industrial Establishments 
from Central Stations, by R. 8. Hale, Mem.Am.Soc.M.E.; Illumina- 
tion for Industrial Plants, by G. H. Stickney; The Requirements for 
an Induction Motor From the User’s Point of View, by Walter S. Nye. 
A discussion followed, principally upon the paper by Mr. Main. These 
papers were published in the Proceedings of the American Institute 
of Electrical Engineers, for February 1910. 


NEW YORK MEETING, MARCH 8 


At ameeting of the Society in New York on March 8, in which the 
American Institute of Electrical Engineers codperated, a paper by H.G. 
Stott, Mem.Am.Soc.M.E., and R. J. S. Pigott, on tests on the 15,000- 
kw. steam-engine-turbine unit located in the 59th Street Station of 
the Interborough Rapid Transit Company of New York, was con- 
sidered. After the presentation by Mr. Stott of the main facts re- 
garding these tests and the installation of the low-pressure turbine 
on which the tests were made, Mr. Pigott gave an account of the 
methods used, illustrating his talk with lantern slides. 

The paper was discussed by C. P. Steinmetz, Max Rotter, O. Jung- 
gren, E. D. Dreyfus, G. R. Parker, F. Samuelson, John W. Lieb, Jr., 
D. 5S. Jacobus, H. H. Barnes, M. B. Carroll, W. L. R. Emmett, Wm. 
Robinson, B. R. Shover and C. O. Mailloux. 


BOSTON MEETING, MARCH 11 = 


A meeting of the Society was held in Boston, March 11, in 
which the Boston Section of the American Institute of Elec- 
trical Engineers and the Boston Society of Civil Engineers coépe- 
rated. Magnus W. Alexander, Mem.Am.Soc.M.E., presented his 
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paper, on The Training of Men, a Necessary Part of a Modern 
Factory System, briefly outlining the educational policy of the 
General Electric Company at Lynn, Mass., where a systematic 
training is provided, suitable to all classes of people. This was dis- 
cussed by Henry E. Rhoades, Chas. F. Park, R. H. Smith, Ira N. 
Hollis, Gardner C. Anthony, Peter Schwamb, Luther D. Burlingame, 
G. C. Ewing, S. Fred Smith, H. 8. Knowlton, Edward F. Miller and 
Dickerson G. Baker. 


ST. LOUIS MEETING, MARCH 12 


At a meeting of the Society with the Engineers Club of St. Louis, 
on March 12, in St. Louis, Flywheels was made the subject of a topi- 
eal discussion. C. H. Benjamin, Mem.Am.Soc.M.E., opened the 
discussion with a review of the recent developments in testing fly- 
wheels, with an account of the latest apparatus and testing pit for 
this purpose at Purdue University. He was followed by G. M. Peek, 
J. D. McPherson, H. A. Ferguson and H. Wade Hibbard. Jesse 
M. Smith, Past-President, E. D. Meier, Vice-President, and Calvin 
W. Rice, Secretary, represented the Council of the Society at the 
meeting. An informal dinner preceded the professional session. 


A meeting of the Society was held in St. Louis, April 9, the St. 
Louis Section of the American Institute of Electrical Engineers and 
the Engineers Club of St. Louis coéperating. A symposium on the 
Electric Drive in the Machine Shop was presented, to which three 
papers were contributed by the Society: The Economy of the Elec- 
tric Drive, by A. L. DeLeeuw, Mem.Am.Soc.M.E.; Economical 
Features of Electric Motor Applications, by Charles Robbins, Assoc. 
A.I.E.E., of the Westinghouse Electric and Manufacturing Com- 
pany; Mechanical Features of Electric Driving, by John Riddell, 
Mem.Am.Soc.M.E. A paper, Selection and Methods of Application 
of Motors and Controllers, by Charles Fair, Mem.A.I.E.E., of the 
General Electric Company, was contributed by the American Insti- 
tute of Electrical Engineers. The papers were discussed by M. L. Hol- 
man, W. F. M. Goss, E. R. Fish, A. H. Timmerman, P. A. Morse, 
H. H. Humphrey, O. Stephensen, A. S. Langsdorf, Wm. H. Bryan 
and H. Wade Hibbard. 
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NEW YORK MEETING, APRIL12 


A meeting of the Society in New York was held on April 12, the 
American Institute of Electrical Engineers coéperating. The subject 
was the Electric Drive in the Machine Shop, with the same four 
papers that were presented at the meeting in St. Louis. The eco- 
nomic side of the subject was very fully discussed by representatives 
of the machine tool industry and other users of motors as well as by 
the motor manufacturers. Fred. L. Eberhardt, Mem.Am.Soc.M.E., 
Vice-President of the National Machine Tool Builders Association, 
spoke officially for his organization of their efforts, with the American 
Association of Electric Motor Manufacturers, for the securing of 
standards for motor equipment. A. L. DeLeeuw, Mem.Am.Soe. 
M.E., a member of the committee of the National Machine Tool 
Builders Association to consider this subject, followed with a detailed 
account of the efforts at standardization to date, in which he said 
fifteen points had been raised for discussion and that seven of them 
had been considered by the joint committee thus far, among them 
being the subjects of horsepower, voltages, speeds and ratings. 

The papers were also discussed by Henry Hess, L. R. Pomeroy, 
Gano Dunn, Charles Day, M. 8. Rogers, Carl G. Barth and H. A. 


Horner. 


BOSTON MEETING, APRIL 27 


At a meeting of the Society in Boston, April 27, in which the Bos- 
ton Section of the American Institute of Electrical Engineers and the 
Boston Society of Civil Engineers codperated, a paper on The Test- 
ing of Water Wheels after Installation, by C. M. Allen, Mem.Am. 
Soc.M.E., was presented by the author, who illustrated it with 
lantern slides. R. A. Hale, John C. Parker, Dwight Porter, George 
E. Russell, H. K. Barrows, Henry D. Jackson, and Henry C. Dag- 
gett, discussed the paper. 


pa §T. LOUIS MEETING, MAY 28 


A meeting of the Society with the Engineers Club of St. Louis was 
held on May 28, in St. Louis. Edw. C. Schmidt, Mem.Am.Soc.M.E., 
presented his paper on Freight Train Resistance; its Relation to 
Average Car Weight, which was also given at the Spring Meeting 
of the Society. Through the courtesy of the University of Illinois, 
the Illinois ventral Railroad and the Terminal Railroad Association, 
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the railway test car by which the data in the paper was obtained, 
was brought to St. Louis for the meeting and was open for inspection 
between two and five o’clock Saturday afternoon in the Eighteenth 
Street Yard of the Terminal Association. This car is equipped with 
all the apparatus necessary for carrying on train resistance experi- 
ments, as well as with auxiliary apparatus which facilitates the 
making of locomotive road tests, and during the tests the apparatus 
within the car makes autographically, upon a chart 36 inches wide, a 
record of drawbar pull, speed, time, air brake cylinder pressure, wind 
velocity and wind direction. 

The paper was discussed by Robert Moore, F. B. Fisher, H. Wade 
Hibbard, F. W. Marquis, J. P. Clayton, Walter E. Bryan and Mr. 
Waterman. : 


BOSTON MEETING, JUNE 1 


A meeting of the Society with the Boston Section of the American 
Institute of Electrical Engineers and the Boston Society of Civil 
Engineers, was held in Boston on June 1. A dinner to Lewis B. Still- 
well, President of the American Institute of Electrical Engineers, 
preceded the meeting at which many prominent in engineering circles 
in New England were present. 

At the general meeting which followed, President Stillwell made an 
address on the Conservation of our Natural Resources, special con- 
sideration being given to the subjects of water power and forestry. 
An extended discussion of the paper followed in which Geo. F. Swain, 

C. T. Main, Henry F. Bryant and A. E. Kennelly took part. 
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SPRING MEETING, ATLANTIC CITY, N. J. 


The 60th meeting of the Society was held at Atlantic City, N. J., 
May 31-—June 3, 1910, at the Marlborough-Blenheim, with an attend- 
ance of 135 members and 119 guests. The Committee on Meetings 
had arranged a strong professional program and the Local Committee, 
under the Chairmanship of James M. Dodge, contributed in various 
ways to the pleasure of the members and their guests. 


PROGRAM 


OPENING SESSION 
ee Tuesday Afternoon and Evening, May 31 ; 


Informal reunion of members in the parlors of the Marlborough- 


Blenheim. 


Wednesday Morning, June 1 


Business Meeting: Reports of committees, tellers of election; new 
business. 


Tue JARRING Macuine, Wilfred Lewis. 
_ Discussed by A. E. Outerbridge, E. H. Mumford and F. W. Taylor. _ 


A Comparison oF LatTHE Herapsrock CHARACTERISTICS, Walter 
Rautenstrauch. 
Discussed by Carl G. Barth, F. W. Taylor, Oberlin Smith and John Fritz. 


Tue STRENGTH OF PuNcH AND RIvETER FRAMES MADE or Cast 
Iron, A. L. Jenkins. 

Discussed by James Christie, Walter Rautenstrauch, F. I. Ellis, Henry 
Hess, Oberlin Smith, Wilfred Lewis, J. S. Myers, 8. A. Moss, George Westing- 
house, John Fritz and E. D. Meier. 

FINISHING STAYBOLTS AND STRAIGHT AND TAPER BOLTS FOR 


Locomorivgs, C. Kx. Lassiter. 


- Unassigned in order to give opportunity for sight-seeing, == 
of 
39 
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“Wednesday Evening 


Entertainment on the steel pier. 


THIRD SESSION 
Thursday Morning, June 2 


THE MECHANICAL ENGINEER AND THE TEXTILE INpusTrRY, H. L. 
Gantt. 


Tue Exastic Limit or MANGANESE AND OTHER BroNzEs, J. A. 
Capp. 
Discussed by 8S. A. Moss, F. W. Dean and E. A. Uehling. 


THe Hyprostatic Cuorp, R. D. Johnson. 


OF FREIGHT Trains, Edw. C. Schmidt. 


Discussed by T. 8. Bailey, Wm. T. Raymond, 8. A. Moss, F. W. Dean, H. G. 
Stott, G. N. Van Derhoef, H. R. Cobleigh, Wm. H. Bryan, F. J. Cole, W. F. 
M. Goss and J. B. Blood. 


FOURTH SESSION 


ys Thursday Afternoon 


Gas Power SEcTION 


Business meeting and Reports of Committees. ts 
A REGENERATOR CYCLE FoR Gas ENGINES Usine Sus-ADIABATIC 
Expansion, A. J. Frith. 
Discussed by S. A. Moss, Wm. T. Magruder and Charles Whiting Baker. 


Gas ENGINnEs ror Driving ALTERNATING-CURRENT GENERATORS, 
H. G. Reist. 


Two Proprosep Units oF Power, Wm. T. Magruder. 
Discussed by Wm. Kent, H. G. Stott, J. C. Parker and E. D. Dreyfus. 


Some OPERATING EXPERIENCES WITH A BLAst FurNAcE GaAs 
Power Puant, H. J. Freyn. 

Discussed by A. E. Maccoun, Jos. Morgan, W. E. Snyder, H. G. Stott, E. A. 
Uehling, S. K. Varnes, H. G. H. Tarr, Edw. Rathbun, Jesse M. Smith and 
Charles Whiting Baker. 


Thursday Evening 


Reception, followed by conferring of Honorary Membership on 
Rear-Admiral George W. Melville, U.S. N., Ret., and a brief address 
by Admiral Melville. Dancing and refreshments. 
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FIFTH SESSION 


_ Friday Morning, June 3 


BaLi-BEARING LinesHAFr Hanaers, Henry Hess. 


Discussed by F. B. Gilbreth, H. J. Smith, F. W. Dean, J. Sellers Bancroft, 
C. J. Jackson, H. R. Cobleigh, Harrington Emerson and G. N. Van Derhoef. 


EXPERIMENTAL ANALYSIS OF A FRIcTION CLuTcH CouPLING, Wm- 
T. Magruder. 


Discussed by H. J. Smith, G. N. Van Derhoef, E. P. Haines and Oberlin 
Smith. 


AN IMPROVED ABSORPTION DyNAMOMETER, C. M. Garland 
Discussed by C. M. Allen 7 
CriticaL Sprep 8. H. Weaver 
_ Diseussed by Henry Hess, 8. A.Moss and M. Nusim. . 


COMMITTEES OF THE SPRING MEETING — 


LOCAL COMMITTEE . 


James M. Dopag, Chairman 
J. SELLERS BANCROFT E. P. Haines JoHN C. PARKER 
JoHN BIRKINBINE Rosert FE. Haunt F. R. PLEASONTON 
J. C. Brooks James T. HALSEY A. H. 
Wm. C. BuRNHAM Henry Hess T. F. 
Harry W. CHAMPION Epwarp I.H. Orro W. ScHaum 
JAMES CHRISTIE ARTHUR C, JACKSON CoLeMAN SELLERS, Jr. 
WALTON CLARK C. Kerr OBERLIN SMITH 
Morris L. Cooke Witrrep Lewis H. W. SPANGLER 
CHARLES Day E. P. Lincu A. A. STEVENSON aoe 
J. J. DEKINDER Cuas. LONGSTRETH Frep. W. TayLor 
Kern DopGe Tuomas C. McBripE Geo. E. Trrcoms 
Francis H. Eassy Curas. E. J. A. C. L. peTrame 
PETER EHLERS D. T. MacLeop Wa. 8S. Twintne 
Tueo. N. Exy EpGar MARBURG Harotp Van Duzer 
Tuomas M. EyNon Geo. W. MELVILLE LINCOLN VAN GILDER 
STaNnuey G. Fiaaa, Jr. Epwin A. Moore R. WesBsTeR 
Joun Fritz Henry G. Morris TILDEN WHITE 
Harris R. GREENE Joun S. Muckie WALTER Woop 


J. E. ZimmerRMAN 
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EXECUTIVE COMMITTEE 

- | 
James M. Donan, Chairman 


J. SELLERS Bancrorr ARTHUR C. JACKSON | 
Henry Hess Henry G. Morris 
OBERLIN SMLTH 
FINANCE COMMITTEE 
J. SELLERS BANCROFT Wm. 8S. TWInina 
OBERLIN SMITH \ ALTER, Woop 
RECEPTION COMMITTEE 


Tuesday Evening 
Henry G. Morris, Chairman 


Wn. R. Conrap Kpw. P. Haines 
Kern DopGeE 7. F. Satter 

J. A.C. L. DETRAMPE 

bh 

Wedne sday Afternoon and Evening 

Tuomas C. McBripe, Chairman 
THos. EyNon Jounn S. Muckie 
James T. Hausey Joun C. 
Won. R. WEBSTER 


LADIES’ RECEPTION COMMITTEE 
Mrs. CuHautes Day, Chairman 

s. J. SELLERS BANCROFT Mrs. Cuas. LONGSTRETH 
s. JOHN BIRKINBINE Mrs. Taos. C. McBripe 
s. Morris L. Cooker Mrs. Henry G. Morris 
. J. J. peEKINDER Mrs. Joun 8. Muckire 
s. James M. DopGr Mrs. OBERLIN SMITH 
. Kern DopGe Mrs. I’. W. Taytor 
s. Toomas M. Eynon Geo. E. Trrcoms 
. Henry Hess 5. TwInine 
. A. C. JACKSON Mrs. Woop 


ACCOUNT OF THE MEETING 

In place of the usual reception, the Spring Meeting at Atlantic 
City opened on Tuesday evening, May 31, with an informal reunion 
of members and guests in the parlors of the Marlborough-Blenheim, 
the Convention headquarters. Henry G. Morris, Chairman, Wm. 
R. Conrad, Kern Dodge, Edward P. Harris, T. F. Salter, and J. A.C. L 
deTrampe, made up thecommittee in charge. Throughout the whole. 
Convention an air of informality and freedom pervaded, permitting 
the renewal of friendships and the forming of acquaintances without 
the necessity for attending set functions and without the sense of 


being formally entertained. 
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BUSINESS AND PROFESSIONAL MEETING WEDNESDAY MORNING, 


JUNE 
- The meeting of Wednesday morning was called to order at ten 


o'clock by President Westinghouse. The report of the tellers of elec- 
tion was received and the names presented duly declared elected to 
membership in the Society. This list appears in the Annual Report 
of the Council published elsewhere in this volume. 

The following amendments to the Constitution were proposed by 
the Tellers on Amendment to the Constitution, and adopted by the 
meeting: 

aT 

C 10 An Associate shall be thirty years of age or over. He must have 
been so connected with some branch of engineering or science, or the arts, or 
industries, that the Council will consider him qualified to coéperate with en- 
gineers in the advancement of professional knowledge. 

C 11 A Junior shall be twenty-one years of age or over. He must have had 
such engineering experience as will enable him to fill a responsible subordinate 
position in engineering work, or he must be a graduate of an engineering school. 
A person who is over thirty years of age shall not be eligible to membership in 
the Society as a Junior. 

C 45 The Standing Committees of the Society to be appointed by the Presi- 
dent shall be: Finance Committee, Committee on Meetings, Publication 
Committee, Membership Committee, Library Committee, House Committee, 
Research Committee, Public Relations Committee. 


Following this there was a discussion on a proposed Bill for Licens- 
ing Engineers, introduced in the recent session of the New York 
Legislature. In explanation, Charles Whiting Baker, chairman of a 
committee appointed by the Council to investigate the subject, ex- 
plained that the bill had called for the licensing of all grades of 
civil engineers, but that afterwards it was extended to all branches 
of engineering, requiring engineers to pass an examination and pay 
a license fee of $25 for the privilege of practicing in their profession. 
The Board of Regents would have authority to appoint a special board 
of examiners before which every engineer desiring to practice would 
have to pass an examination. The engineering colleges of New York 
would be under the control of the same Board of Regents. 

It was felt that the passage of such a bill would be injurious and 
a number of prominent engineers appeared at Albany in opposition 
and owing to their representations the bill was withdrawn by its 
promoter, with the understanding that it would be amended and 


offered at a later time. 


SOCIETY AFFAIRS 43 
@ 
+ 


SOCIETY 


AFFAIRS 


The special committee appointed by the Council had met and 
adopted resolutions upon the subject of the pending bill, substantially 
as follows: 


That it is the sense of this committee that legislation affecting the privileges 
and status of engineers can be most wisely originated by conference between 
legislators and representatives of the national engineering societies, and that 
the attention of legislators proposing legislation be invited to this procedure as 
natural and regular. 

To request the Council of the Society to communicate with the Commit- 
tee on Education to request the State Assembly that further action on this 
bill be postponed until after the Spring Meeting of The American Society of 
Mechanical Engineers, to be held in Atlantic City, aid 31-June 3, at which 
meeting the subject will receive discussion. 

To request the Secretary of the Society to confer with his colleagues, sec- 
retaries of the foreign technical societies, and seek to obtain as much informa- 
tion as possible in regard to the necessity of the possession of certificates of 
competency, or other forms of license. 


At a meeting of the Council just held at Atlantic City, a new Com- 
mittee of Public Relations was authorized, one of the duties of which 
will be to act on any further legislation affecting the interests of 
members of the engineering profession. The movement for licensing 
engineers is bound to come up repeatedly in the legislatures of the 
various states and this Society should be prepared to take whatever 
action may be necessary to protect the interests of the profession as 
a whole from unwise and injurious legislation. This discussion 
ended the business meeting and the remaining time was devoted 
to the professional session. 

There were four papers presented on the subject of Machine Con- 
struction and Operation. The first, The Shockless Jarring Machine, 
by Wilfred Lewis, dealt with a new type of jarring machine in which 
the shock heretofore transmitted to the ground is absorbed as effec- 
tive work by the machine itself, saving substantially all ramming 
time and opening the way to other economies. The paper was 
discussed by A. E. Outerbridge, E. H. Mumford and F. W. Taylor. 

Walter Rautenstrauch followed with his paper on A Comparison 
of Lathe Headstock Characteristics, concerned with the determina- 
tion of the adaptability of a number of engine lathes to the eco. 
nomic performance of a standard task, that of taking a predeter- 
mined area of cut on all diameters of work of mild and soft steel 
pieces, with high-heat steels, and showed the attempts of different 


manufacturers to meet the conditions favorable to these steels. 
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Carl G. Barth, F. W. Taylor, Oberlin Smith and John Fritz discussed 
paper. 

The paper by A. L. Jenkins, on The Strength of Punch and Riveter 
Frames Made of Cast Iron was next presented, giving a résumé of 
the important theories proposed for the analysis of stresses in straight 
east-iron beams and presenting data on tests with small castings 
_ similar in shape to punch frames which showed a failure to verify any 
formula. The discussors were James Christie, Walter Rautenstrauch, 
FE. I. Ellis, Henry Hess, Oberlin Smith, Wilfred Lewis, J. S. Myers, 
$. A. Moss, George Westinghouse, John Fritz and E. D. Meier. 

_ The fourth paper was upon Finishing Staybolts and Straight and 
Taper Bolts for Locomotives, by C. K. Lassiter, of Richmond, Va., 
and showed the advantage, in finishing staybolts, of automatically 
reducing in the center during the threading operations. Turning 
and facing the under head of straight and taper bolts were also 
treated. This paper was presented by E. D. Meier, who added a 


fewremarks, 


W EDNESDAY AFTERNOON AND EVENING 


_ Wednesday afternoon was left free for recreation, roller chairs for 
the boardwalk being provided throughout the afternoon by the Local 


Committee. At three o’clock a special car conveyed members and 
guests to the grounds of the Golf Club at Pleasantville, where those 
who desired went over the course. Afternoon tea was served by the 
ladies. 
In the evening there was a large attendance at the entertainment 
on, the steel pier for which admission had been arranged. The Com- 
mittee in charge consisted of Thos. C. McBride, Chairman, Thos. M. 
Eynon, James T. Halsey, John 8. Muckle, John C. Parker and Wm. R. 
Webster. 


as! 


_ J. R. Bibbins, Chairman of the Gas Power Section, called the 
meeting to order at ten o’clock and a few remarks were made by Sec- 
retary Rice congratulating the Section on its activities. Following — 
the business of the meeting, a paper on A Regenerator Cycle for Gas 
‘Engines using Sub-Adiabatie Expansion was presented by A. J. 
Frith, which described a new cycle of 100 per cent theoretical effi- 
ciency, caused by the expansion line being steeper than that caused by 
free expansion, showing an avoidance of the loss of heat by water 


Gas Power Section, THurspaAy Mornine, JuNE 2 


-6 
4 


SOCIETY AFFAIRS 


cooling, which in the older regenerative cycles overbalances the 
theoretical economy. The paper was discussed by 8. A. Moss, Wm. 
T. Magruder and Charles Whiting Baker. 

The second paper was on Gas Engines for Driving Alternating- 
Current Generators, by H. G. Reist, and brought out no discussion. 
The paper dealt with the solution of the problems of obtaining the 
best parallel operation of alternating-current generators when driven 
by means of gas engines, the most satisfactory solution being so to 
design the gas engine as to obtain nearly even rotation. 

Two Proposed Units of Power, by Wm. T. Magruder, was next pre- 
sented and criticized the existing usage, proposing instead the terms 
boiler-power and gas-power, both of which were defined and described. 
Discussion was offered by Wm. Kent, H. G. Stott, J. C. Parker and 
K. D. Dreyfus. 

The fourth paper presented was upon Operating Experiences with 
a Blast Furnace Gas Power Plant, by H. J. Freyn, and contained a 
most complete account of elaborate tests made on the plant, extend- 
ing over a period of two years. It was dicussed by A. E. Maccoun, 
Jos. Morgan, W. E. Snyder, H. G. Stott, E. A. Uebling, S. K. 
Varnes, H. G. H. Tarr, Edw. Rathbun, Jesse M. Smith and Charles 
Whiting Baker. 


PROFESSIONAL SESSION, THURSDAY AFTERNOON 7 = 


At the session of Thursday afternoon, commencing at two o’clock, 
four papers on miscellaneous subjects were presented, the first upon 
The Mechanical Engineer and the Textile Industry, by H. L. Gantt. 
This was designed to point out a field and its possibilities in which the 
mechanical engineer had done little, that of industries which have 
not ordinarily come under his surveillance. There was no discussion. 

A paper on the Elastic Limit of Manganese and Other Bronzes, 
by J. A. Capp, followed, dealing with the elastic curves of brasses and 
bronzes, which are smooth curves, gradually bending as stress in- 
creases, and showing their lack of relationship to the elastic limit 
indicated by the elastic curve. 8S. A. Moss, F. W. Dean, F. B. Gil- 
breth and E. A. Uehling discussed the paper. 

The Hydrostatic Chord, by Raymond D. Johnson, lesen Falls, 
N. Y., was next presented. The name hydrostatic chord is given to 
a novel shape for large pressure conduits, the function of which is to 
produce a tendency in the pipe to round out after the pressure reaches 
a certain mean value, causing an effort to increase the vertical diam- 
eter and tending to lift both the dead weight of the pipe shell itself 
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and the top fill. The paper contended that these defects could be 
obviated with a shape properly designed on correct hydrostatic prin- 


ciples. There was no discussion. 

The last paper was by Edw. C. Schmidt, on The Resistance of 
Freight Trains, and presented the results of tests made to determine 
this resistance and fully displayed and examined the test data. T.S. 
Bailey, W. T. Raymond, 8. A. Moss, F. W. Dean, H. G. Stott, G. 
'N. Van Derhoef, H. R. Cobleigh, Wm. H. Bryan, F. J. Cole, W. F. 
-M. Goss and J. B. Blood discussed the paper. 


an 


On Thursday evening Honorary Membership in the Society was 
conferred on Rear-Admiral George W. Melville, U. 8. N., Retired. 
At a gathering in the solarium of the hotel, Secretary Rice made formal 
announcement of the vote of the Council receiving Admiral Melville 
‘into such membership, and President Westinghouse voiced the 
Pleasure of the Society in thus recognizing so distinguished an engineer. ‘ 
‘In replying, Admiral Melville expressed his appreciation of the honor 
be stowed upon him by his brother engineers. Sir William H. White, 
-Past-President of The Institution of Mechanical Engineers and an 
Honorary Member of the Society, followed Admiral Melville and spoke 
of his splendid years of service to his country, of the sort sometimes 


disregarded by a man’s own countrymen because of lack of perspeec- 
tive. He recalled the extraordinary naval experiences which the Ad- 
-miral had undergone, in which he never at any time flinched from duty, 
and expressed himself in accord with Admiral Melville’s feeling with 
regard to the honor conferred on him, since he also had been so sig- 
-nalled out by the Society. Walter M. McFarland then read an 
address prepared by Admiral Melville for the occasion, on The 
-Engineer’s Duty as a Citizen. 

A reception followed at which the membership were given an op- 
portunity to meet Admiral Melville and Sir William White, and 
dancing and refreshments concluded the evening. 


At the final session of the convention, held at ten o’clock Friday 
morning, four papers on Power Transmission were presented. The 
first, Ball-Bearing Lineshaft Hangers, by Henry Hess, gave in detail 
the actual and relative first cost of a lineshaft installation, with pl Lin 
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bearings and ball bearings, and showed the saving secured by the 
latter. It was discussed by F. B. Gilbreth, H. J. Smith, F. W. 
Dean, J.S. Bancroft, C. J. Jackson, H. R. Cobleigh, Harrington EKmer- 
son and G. N. Van Derhoef. 

Following this, Wm. T. Magruder, presented his paper on An Ex- 
perimental Analysis of a Friction Clutch Coupling, giving the results 
of five lines of investigation. It was discussed by H. J. Smith, who 
illustrated his discussion with lantern slides, G. N. Van Derhoef, EK. P. 
Haines and Oberlin Smith. 

A paper by C. M. Garland, on An Improved Absorption Dyna- 
mometer, was next presented, describing a type of eddy-current 
dynamometer, adapted for the absorption of power given out by 
motors under test, with an enumeration of the conditions that should 
be fulfilled. CC. M. Allen discussed the paper. 

The fourth and last paper was by 8. H. Weaver, on Critical Speed 
Calculation, treating of the properties of equations of vibration, with 
curves showing the amplitude of vibrations at different speeds for 
various shaft loadings, spans and bearing supports. Henry Hess, 
S. A. Moss and M. Nusim discussed the paper. 

Following the professional session, Jesse M. Smith, presented the 
following resolution of thanks, which was unanimously adopted. 


RESOLUTION OF THANKS 


Wuereas The American Society of Mechanical Engineers at the Semi-Annual 
Meeting held at Atlantic City in May-June 1910, desires to express its appre- 
ciation to those who have so bountifully provided for the entertainment of the 
visiting members, 

Be Ir Reso.vep that the Secretary be instructed to extend the thanks of the 
Society and express the appreciation of its members and guests, to the local 
committees or their untiring efforts in providing for the comfort and pleasure 
of the visiting members. 


ihe ENTERTAINMENT 


During the entire convention roller chairs for the boardwalk were 
made available to the membership and admission furnished to the 
Golf Course at Pleasantville and to the entertainments on the piers. 

The Ladies’ Committee, under the Chairmanship of Mrs. Charles 
Day, contributed in every possible way to the pleasure of the visiting 
ladies throughout the meetings, and tea was served at the head- 
quarters at the Marlborough-Blenheim, on Tuesday. Wednesday 
and Thursday afternoons, to which the members were also invited. 
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DEDICATION OF MEMORIAL TABLET TO 
ROBERT HENRY THURSTON 


A bronze memorial tablet to Dr. Robert Henry Thurston, first 
president of The American Society of Mechanical Engineers, was — 
dedicated at the New York monthly meeting, Tuesday evening, 
February 8, 1910, in the auditorium of the Engineering Societies — 
- Building, in the presence of many associates and former students 
of Dr. Thurston as well as of members of the Society. This bas- 
relief, the work of Herman A. MacNeil, a former student and per- 

sonal friend of Dr. Thurston, a replica of the memorial tablet pre- 
~ sented to Sibley College, Cornell University, by alumni and students, 
d was placed in the rooms of the Society through the generosity of 
- members, as an expression of their devotion to Dr. Thurston. The 
— contributions were received by a committee consisting of John Fritz, 
] S. W. Baldwin, Prof. R. C. Carpenter, Walter C. Kerr, E. A. Uehl- 
p ing, Wm. Hewitt and Gus. C. Henning; and the details connected 
with the acquiring of the tablet, its installation and the arrange- 


ment of the dedicatory exercises, were in the hands of Dr. Alex. C. 
Humphreys, Chairman, Chas. Wallace Hunt, Fred J. Miller, Prof. 
; R. C. Carpenter and J. W. Lieb, Jr. 

The program of the evening was designed to cover the various 
phases of Dr. Thurston’s brilliant career, treated in each case by a — 
speaker of wide reputation who had known Dr. Thurston inti-— 
mately during this period of his life. It therefore very appropriately — 
included an address on Dr. Thurston’s relationship with the Society, — 
by Prof. John E. Sweet, President of the Society from 1883-1884 and — 
active with Dr. Thurston in its organization; a communication on | 
Dr. Thurston’s career as a naval engineer, from Rear-Admiral Benja- | 
min Franklin Isherwood, U.S.N., Retired, Honorary Member of the — 
Society, which was read by Prof. F. R. Hutton, Honorary Secretary; 
an address on Dr. Thurston at the Naval Academy at Annapolis, 
by Rear-Admiral George W. Melville, U.S.N., Retired, aa 
Member and Past-President, of the Society on Dr. Thurston as 
professor at Stevens Institute of Technology, by Col. E. A. Stevens, 
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50 ; DEDICATION OF THURSTON MEMORIAL TABLET — 


trustee and treasurer of Stevens Institute and son of its founder; on 
Dr. Thurston’s literary and research work, by William Kent, one 
of the organizers of the Society and a close friend and co-worker with 
Dr. Thurston; and on Dr. Thurston as director of Sibley College, 
Cornell University, by Walter C. Kerr, a trustee of Cornell. The 
Chairman of the Thurston Memorial Committee, Dr. Alex. C. 
Humphreys, president of Stevens Institute of Technology, pre- 
sided over the meeting. 

After the addresses of the evening, members and guests proceeded 
to the eleventh floor where the tablet was unveiled and presented by 
Dr. Humphreys, on behalf of the committee, to the Society, for whom 
it was accepted by Col. E. D. Meier, Vice-President. Coloncl Meier 
declared this to be the first bronze statue of an eminent engineer 
erected in the United States in a great building devoted entirely to 
engineering and said that an excellent choice had been made in Dr. 
Thurston as a representative of his profession. Dr. Humphreys also 
presented to the audience Herman A. MacNeil, the artist, who 
made the concluding remarks of the evening. 

It was a matter of regret that Mrs. Thurston found it impossible 
to be present at the meeting. A letter was read by the Chairman, 
expressing her appreciation of the honor rendered to Dr. Thurston. 
Messages were also received from President Westinghouse, who 
was prevented by urgent business from attending, and from Chief 
Engineer Chas. H. Manning, U. 8. N., and Lieut.-Commander Robert 
Crawford, U. 8. N., associated with Dr. Thurston in the Naval Acad- 
emy at Annapolis. 

The addresses of the evening follow. 


ICTORY RE kK. 
INTRODUCTORY REMARK: 


By Dr. ALtex. C. HUMPHREYS, CHAIRMAN 


Member of the Society; President of Stevens Institute of Technology 


While recognizing that it is not the function of a presiding officer 
to forestall the speakers to be introduced, I cannot refrain from say- 
ing a few words about my friend and preceptor, Robert H. Thurston. 
Others will tell you of his widely varied activities, his tremendous 
capacity for work, which was nevertheless overtaxed, his quickness 
of brain and speech, his powers of exact determination and expression, 
his capacity for organization and execution, his eminence as an en- 
gineer and educator. I prefer to think of him as the large-hearted, 
gentle, lovable, helpful man, the man of vision, the optimist. 
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While a student at Stevens, | was not fortunate enough to have Dr. 
Thurston’s guidance during my junior year, for then, in 1879, he had 
not yet recovered from the almost fatal nervous breakdown, which 
resulted from his strenuous life in many lines of activity. But I came 
to know him well during my senior year, and had many occasions to 
be deeply grateful to him for his assistance and encouragement, which 
I then greatly needed. I never saw him other than cheerfully re- 
sponsive to a request for help, and I was never allowed to feel that I 
was intruding when I went to him for counsel. While demanding 
Tespect and obedience from those under him, his attitude towards them 
was characterized by a sympathetic desire to be helpful. 

: Wm. Kent, one of the speakers of the evening, in his masterly bio- 
graphical notice of Dr. Thurston in the Sibley College Journal, in 
writing of the vast amount of work performed at a certain time by 

Dr. Thurston, says: ‘And during all this time, I never saw him ex- 
cited or ruffled over his work.’ We busy, overcrowded men, know 
this to be high praise indeed. 

I met Thurston too seldom after I graduated from Stevens, but 
when we did meet, I was made to feel that he was really interested 
in my career, and that he rejoiced and sympathized with me as cir- 
cumstances suggested. I like to remember that he came down from 
Cornell at the time of my inauguration as president of Stevens Insti- 
tute, and that it was through him that Cornell University and Sibley 
College conveyed their good wishes to Stevens Institute and to me 
at that time. Later in that year he quietly passed away to his 
well-earned rest. 

Thurston was a man of vision. Time and again this is shown in his 
writings, and especially in view of later developments. And this, 
notwithstanding that his declared results were sometimes afterwards 

amended, as must be the case with those who are courageous enough 
to act the paft of pioneers. 

We are, apparently, now only beginning to appreciate in this coun- 
try the practical and commercial value, to say nothing of higher 
things, of technical and technological education. And even now, 
those who do have the appreciation are unable to move and guide those 
who have the power to provide the means for the necessary improve- 
ment in our educational methods. Years ago, Thurston wrote: “Ger- 
many has substituted for the now obsolete apprenticeship system, the 
systematic, scientific methods of preparing her youth for the future 
of their lives in all departments of instruction and industry.”’ 

He was a student of political economy and education and pointed 
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out the evils which would come to us unless certain lines of reform 
were followed, the evils which are now upon us and have to be met 
by patience, wisdom, firmness and common sense. 

It was said of his father: ‘‘Throughout his life, his benevolence, 
his uniform kindness to employes and to all with whom he came 
in contact, and his strong attachment to his friends, made him as 
universally beloved as he was widely known.” 

The son was strong in faith though he did not carry his religion in 
his sleeve. He gave voice to his faith in a certain article which 
received wide attention, entitled, The Scientific Basis of Belief. It 
seems to me that the summation of his creed is found in a verse 
which he included in this article: 

Strong Son of God, immortal love, 
Whom we, that have not seen Thy face, 
By faith, and faith alone, embrace, 
Believing where we cannot prove. f*r- 4 


Notwithstanding his great and varied accomplishments, it is as the 
holder of this faith, and as the worthy son of this worthy father, that 
L love to think of Robert H. Thurston. 


DR. THURSTON’S CONNECTION WITH THE SOCIETY | 


By Joun E. SWEET ohh! 


Honorary Member and Past-President, Am.Soc.M.E. 


We meet tonight to do honor to the first president of The American 
Society of Mechanical Engineers, elected now nearly thirty years 
ago. I have been asked to tell the simple story of his connection 
with the Society. It is fitting that we whose fading memories can 
give only shadowy reviews of past events do the best we can to 
record the facts as we recall them. 

To begin at the beginning, we must hark back to the fall of 1879, 
when the American Machinist was published in a small office at 
96 Fulton Stre:t, New York. The journal had been in existence but 
a few years. It had received contributions from a goodly number 
of contributors engaged in various branches of mechanical industries 
and from a wide section of the country. But very few of these 
contributors were known to the publishers, and fewer still to one 
another, and the notion came to my mind to get as many of them 
together as we well could, and give the publishers a surprise party; 
with a faint notion that it might lead to an organization. I conveyed 
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the notion to one of the contributors, and he at once gave it away 
to the editor, with the suggestion that some sort of a mechanical 
association be formed. The suggestion took root in the minds of 
the publishers, and Mr. Bailey, the editor, came to Syracuse to see 
-me about it; or, in fact, to inveigle me into writing the invitations. 
Among those invited were Alexander L. Holley and Prof. Robt. 
H. Thurston of Stevens Institute, then in a sanitarium in Dansville, 
N. Y., both of whom entered heartily into the scheme. Before the 
meeting, which was held on February 16, 1880, Mr. Bailey and I 
had an interview with Mr. /Holley; each was to draw up some form 
_of program for the meeting, and we were to meet the next day to 
compare notes. As such things usually turn out, Mr. Holley had 
_ drawn up a set of rules which were so complete that we could readily 
endorse them. At the meeting in the afternoon there were some- 
thing like thirty present, with letters of endorsement from fifteen 
or twenty others. Mr. Holley acted as chairman, and I well re- 
-member the point he made in his opening address, that it had come to 
that state of affairs that both civil and mining engineering were 
largely mechanical. A good deal of time was spent in discussion 
of the rules, which ended in the adoption of those Mr. Holley had 
_ prepared; and time was also wasted in settling on a name, until Mr. 
Copeland said, ‘ Callit ‘The Society of Mechanical Engineers.’ ’’ This 
seemed to settle it, except that in the shuffle the word ‘‘ American”’ 
got incorporated, to the regret of possibly no one but myself. 
_ Mr. Copeland, Charles T. Porter, Mr. Holley, E. D. Leavitt, Jr., 
and myself were chosen as a nominating committee. The officers 
nominated were elected at the meeting held April 7, 1880, at the 
pene Institute, over which Henry R. Worthington presided. »,. 
At the time of what is now known as the first annual meeting, held 
-in New York, November 4 and 5, 1880, Professor Thurston had 
regained his health, and was able to preside and to deliver an able 
address. Professor Thurston was elected president for the 
oe time, and these two were the critical years in the Society’s 
history. We then held three meetings a year, and while Holley 
and Worthington lived, they formed with Professor Thurston a 
three-point support that did not rock; but they both died while 
- Thurston was President, and left him to carry the burden. One 
incident that occurred during this time I shall always remember. 
Going out from one of the meetings Mr. Worthington, greatly elated 
over the way things were moving, said to me, “‘ Professor, the thing 
is going to go.” I doubt if any of us had the idea that the Society 
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would reach a membership of 300, while today it takes more than 
another right-hand cipher added to our figures to record our mem- 
bership. 

Professor, later Dr. Thurston, not only while president, but for a 
long time later, was more instrumental in helping up the Society 
than any other man. It is not necessary to enumerate his contri- 
butions to the Transactions. He never showed evidence of elation 
at success or chagrin at defeat. His work enriches every volume of 
the Transactions, from the first volume down to the time of his death. 
And every member of the Society needs to open the door of his 
memory and let the history of its work shine in and enliven his 
spirit of respect and adoration for the boy, the student and the 
scholar, the thinker and the worker, the teacher and the guide, the 
honored member and revered first president of The American 
Society of Mechanical Engineers, and the man—-Dr. Robert Henry 
Thurston. 


DR. THURSTON’S CAREER AS A NAVAL ENGINEER a 


By Rear-ADMIRAL BENJAMIN F. IsHERWOoD, ENGINEER-IN-CuIEF, U.S. N., 
RETIRED 


Honorary Member, Am. Soc. M. 


Professor Thurston, in whose honor these commemoration exer- 
cises are held, was in all respects an exceptional person, with endow- 
ments not only of a very rare but of a very high order. He was a 
typical representative of the American engineer of the present day; 
combining a thorough and extensive practical knowledge of his 
profession with a scientific culture scarcely found in the exclusively 
theoretical scientist; and he had, in addition, the ability to make 
these qualifications available to the world by means of an excellent 
literary education improved by a carefully discriminating practice 
as a writer, an orator, a mathematician, and anoriginal investigator 
in the broad field of his profession. The first-class engineer of the 
present day must also be a first-class scientist as well as a first-class 
mechanician, besides possessing a mind well stored with the infor- 
mation collected by others of his profession whose aims and achieve- 
ments are similar to his own. 

With these mental powers was associated, in the case of Professor 
Thurston, so charming a personality that he not only never had a 
foe, but all who knew him were his friends. His knowledge and his 
services were at the command of all who sought them, and were 
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rendered in a manner that made the recipient believe that instead 
of receiving a favor, he was conferring one. Professor Thurston was 
the author of several books on engineering subjects, which were 
classics in their day. He was also a prolific investigator of difficult 
phenomena in engineering, and his numerous reports have much 
enriched its literature and enlightened its obscurities. He wrote with 
perspicuity, elegance and ease; and he was a ready and fluent orator 
on all the scientific topies of the day. 

His death was a great loss to the world, and particularly to his own 
profession of engineering, for his exceptionally valuable life was 
devoted to the improvement of the world in the only way it could, 
‘in his opinion, be improved, namely, by the cultivation of physical 
‘science. Great intellectual attainment meant with him, great every- 
thing else. 

Those who knew Professor Thurston best valued him the highest. 
My personal acquaintance with him was long and intimate, and it 
‘was intensified by our professional interest in the same subjects, 
notwithstanding the great difference of our ages and temperaments; 
‘and none who knew him as well as I did will consider this weak 
portraiture of him as overcolored. His death at Cornell saddened 
al who knew him well enough to appreciate his gentle qualities, as 
well as his lofty aspirations. He was most happily constituted; he 
lived his life in the sunshine of an entirely normal existence, and by 
dying in the full flush of manhood and in the consciousness of great 
achievement, he was saved from decline, and enabled to pay to glory 
the debt he owed to nature. 


= Dh. THURSTON AT THE NAVAL ACADEMY AT | 
ANNAPOLIS 
Rear-ApmrraL Grorce W. Metvitye, U.S.N., Retrrep 


Honorary Member and Past-President, Am.Soc.M.E. 


My function is to pay the tribute of the navy to one who was for 
a time a naval officer and who during his career as such bore himself 
in a way worthy of its best traditions, leaving a record, the memory 
of which is still distinet with those of us who were his contemporaries, 
although it has long since been overshadowed by the greater reputa- 
tion of his more mature life. 

When the engineer came into the navy, he received scant recogni- 
tion, although we were very fortunate indeed in having as our first 
representative that grand old man, Charles H. Haswell, who was 
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taken from us so recently. The dominant faction in the navy did 
: not like machinery nor mechanics, and as a result the very early 


engineers were largely men whose theoretical training did not go 
beyond the common schools and whose professional training came 
from hard knocks in the machine shop. This was true in my own 
case and in that of the great majority of the older engineers. At 
the breaking out of the Civil War, however, with the increased 
demand for engineers and the desire of patriotic men with engineering 
training to render their best service to the Government, a number of 
men came into the corps who were college graduates, and Dr. Thurs- 
ton was one of these. He entered the service in July 1861, very soon 
after the beginning of hostilities and before any of the great naval 
battles, and he served at sea continuously until the close of the war, 
taking part in the Battle of Port Royal and in the Siege of Charleston. 
While still a second assistant engineer, he was placed in charge of the 
machinery on the Chippewa and later served on the monitor Dictator, 
the largest built up to that time. 

The historian of the engineer corps of the navy, Past Assistant 
Engineer (now Captain) Frank M. Bennett, has mentioned several 
instances in which Thurston distinguished himself. One of these was 
on January 29, 1863, when he was in command of one of the armed 
boat's crews which captured the blockade runner Princess Royal at 
Charleston. The next day two armored rebel rams came down upon 
the Federal fleet and destroyed some of the converted merchantmen 
which constituted it. Thurston was temporarily chief engineer of 
the Princess Royal and by extraordinary efforts managed to get the 
machinery going so that she got out to sea and escaped destruction 
at the hands of the rebels. 

With his fine preliminary training at Brown University and his 
four years of practical experience in the navy, it was obvious that he 
was well equipped for duty as instructor at the Naval Academy 
in the department of natural and experimental philosophy, to which 
he was ordered in 1865. During his term of service there, the head 
of the department died and Thurston was made acting head of the 
department. 

It was during this time that the education of engineers at the Naval 
Academy began with the class of acting third assistant engineers 
who entered in 1866, of whom the late Admiral Rae was a member. 
Thurston undoubtedly gave instruction to all of these young engi- 
neers in that department, which we would now call thermodynamics, 


although he was not a member of the department of engineering 
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which looked after the more practical side of their professional train- 
ing. 

A retired engineer officer, who was an instructor at Annapolis in 
the department of engineering, while Dr. Thurston was in the depart- 
ment of physics, speaks of him as follows: ‘‘ During about two years 
of his term at Annapolis, I saw him almost daily and am therefore 
able to bear testimony to the excellent work he then did both as an 
instructor and as the managing head of that very important depart- 
ment of our NavalSchool. He fully appreciated the importance of 
physical science to the naval profession generally, and its particular 
application to naval engineering, and he worked with untiring zeal 
for its full development as a part of the training of our young officers, 
often personally designing special apparatus, which were fewer then 
than now, for demonstrating physical truths and principles. Thurs- 
ton was eminently fitted for this class of scientific work by taste, edu- 
cation and practical experience as a naval engineer. 

At such a time as this, we realize how very interesting it would 
be if we could know exactly what circumstances lead to the selection 
of a man for a particular line of work. I have tried hard to find just 
what led to Dr. Thurston’s selection for the chair of mechanical 
engineering in Stevens Institute, but it occurred so long ago, almost 
forty years, that the details are no longer available. Indeed it is 
probable that there never was any record of them and that it was a 
matter between President Mortonand Dr. Thurston himself. Unless 
a man writes an autobiography, and is as frank about all the occur- 
rences of his life as Herbert Spencer, such an interesting phase as this 
is apt to be entirely passed over in spite of its great importance. 
Aware, as those of us who knew him well are, of Thurston’s marked 
ability as a scientific expositor and of his life-long desire for progress 
and increased efficiency, may we not imagine that, before he was 
asked to become President of Stevens, President Morton had become 
acquainted with Dr. Thurston through his articles; and by corre- 
spondence or conversation had found that here was a man after his 

= heart, who could be counted upon to make the new school of 

_ technology what he wanted it to be, the best in the country. 

_ There were other departments of colleges and perhaps other schools 
where mechanical engineering was taught, but Stevens was, I believe, 
the first institution in our country devoted exclusively to the educa- 
tion of mechanical engineers, and we can now realize even better 
than when he was called to the Chair, how extremely important was 
the selection of Dr. Thurston for this work. If he had been content 
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to drift along in accordance with old established methods, or if he 
had not been a tremendous worker, his great ability would have 
failed to give to Stevens the foremost standing which it has held 
from the very start. 

Dr. Thurston had, in a degree rarely found among men devoted 
to education, a strong touch of the commercial instinct, and it was 
doubtless this which led him, from the beginning, to direct the work 
of his students in their experiments along lines of an immediately 
practical interest to engineers and others. For example, I remember 
a set of experiments to determine the economy of gas engines at a 
time when they were just coming into use. This was only one of a 
great many instances. The hard-headed, practical manufacturers 
could not fail to realize that a school where the energies were directed 
in such a practical way must turn out men who would make good in 
practical life. I need hardly show that this judgment has been 
verified by recalling the positions now held by many of these grad- 
uates, in offices of the very highest importance in the lines of man- 
ufacturing and transportation. 

So great was the reputation made by Dr. Thurston at Stevens, 
that he was generally looked upon as the greatest teacher of mechani- 
cal engineering in the country; and I happen to have information 
with respect to the circumstances under which he went to Cornell 
which shows that when they were looking for a man of the highest 
accomplishments to take charge of Sibley College, they at first did 
not consider Dr. Thurston, for the reason that they did not believe 
any inducement could take him away from Stevens. When the 
Trustees of Cornell came to the conclusion that they wanted the 
best man available, and that they were willing to pay whatever was 
necessary to secure his services, they eventually opened negotia- 
tions with Dr. Thurston, which led to his finally going there. 

Of his splendid work at Cornell others will speak, and I need only 
say that it is a marvelous tribute to his ability and reputation that 
he should have been able to increase the attendance at Sibley College 
from about one hundred students to over one thousand. 

His educational work was so engrossing that it naturally left 
him little time for keeping up his association with the Navy, 
although we who remained in the service always felt that in 
him we had a sincere friend on whom we could depend for such 
help, whenever needed, as it was in his power to give. Before 
we finally attained the full recognition of the paramount 
importance of engineering in the Navy, which, as you know, 
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is now the function of the entire line of the Navy, we had many 
an up-hill fight, and on several occasions Dr. Thurston materially 
assisted us by articles in the magazines and by personal appeal. In 
this connection it is interesting to note that Bennett’s History of the 
Steam Navy, in speaking of an order of the Navy Department in 
1870, which was considered very unfair to the engineer corps, men- 
tions that, in consequence of this order, a number of the brightest 
men in the corps resigned, among them Dr. Thurston. It has been 
my observation that the participants in an up-hill fight are drawn 
more closely together than those whose association is always on the 
winning side. It was doubtless Dr. Thurston’s keen recollection of the 
lack of recognition which he had received while an engineer in the 
Navy, that made him so willing to help those who were still in the 
service in their efforts for a proper recognition and consideration of 
engineering and its exponents. 

It has been my desire as a naval engineer and one whose whole life 
has been spent in the naval service, to voice, in behalf of myself and 
my colleagues who were and are engineers in the Navy, our admira- 
tion for the friend who, during his own short naval career, did so 
much to add to the reputation of the engineer corps, and by his 
prominence as an engineer all through his life reflected the highest 
credit upon naval engineering. 


DR. THURSTON AT STEVENS INSTITUTE OF 
TECHNOLOGY 
By Cor. E. A. STEVENS 
_ Member of the Society; Trustee and Treasurer of Stevens Institute a 
4 

Thurston’s work at Stevens can be divided into two parts: on the 
one hand his general work as an engineer, including his well-known 
contributions to the literature of engineering and the researches on 
which they rested; and on the other his share in the development of 
the work of the Institute and the influence of his personality on his 
fellow instructors and the undergraduates. 

As to the first part I can say but little in the time assigned. The 
history of mechanical engineering in the United States will always 
bear witness to his ability, to his untiring energy and to the liberality 
with which he freely gave to his beloved profession all that his ripe 
experience and trained observation could give. 

Whatever may have been the value of his other work while at 
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Stevens, none of it surpasses, or I may say equals in importance, his 
share in the development of the system of instruction and the influence 
of his personality and of his standard of professional ethics on those 
with whom he was there thrown into contact. 

Forty years ago the American mechanical engineer was mainly 
the product of the shop and the engine room, with such self-teaching 
as could be gathered in the leisure hours of a busy life of hard work. 
Most engineers of that day would admit that drafting and mathe- 
matics could be taught in schools, but claimed that such training 
would produce draftsmen and mathematicians, not engineers, men 
who would be of less value in practical work than the lad of the same 
age who had spent his time in the shop; that the school-bred man 
would need several years of hard work to knock the school-taught 
nonsense out of his head, always granting that he had not been 
irretrievably ruined by his scholastic training. 

Such was the general, even if not the unanimous mind of the pro- 
fession when Henry Morton gathered around himself six men, who 
with him were to form the faculty of the first American school wholly 
devoted to the teaching of mechanical engineering. Scientist and 
scholar as he was, Morton appreciated the gravity and importance 
of the task set him and selected his fellow members of the faculty 
with a care and judgment amply justified in the result. Of these 
men, eminent as they were, Thurston was the one on whom devolved 
the practical teaching of engineering. The others must have aided, 
and unquestionably did aid, in giving the training as a whole a practi- 
cal direction, but it was to Thurston more than to any one other of 
Morton’s first faculty that the prominence of the practical curricu- 
lum at Stevens must have been due, and on him therefore it is but 
fair to bestow a generous share of the acknowledgment due these 
men. It would be as invidious as it would be useless to apportion to 
each the share due to his individual efforts. 

While Thurston’s personality impressed itself on all who met him, 
whether at Stevens or elsewhere, the lasting result, of this impression 
on the men who there studied under and with him forms a part of 
the history of Stevens. The material that came to the “Old 
Stone Mill”? was much the same in the early days as since. The 
early graduates at once took a standing in American engineering 
work that soon settled once and for all any debate as to the value of 
a technical training. They carried also with them into the world 
what was as necessary for the progress of engineering as technical 
skill or practical knowledge. They had imbibed together with their 
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calculus and thermodynamics that moral and ethical view of their 
profession without which an engineer’s skill and learning is of little 
value to his country, a thing not absorbed from text books or taught 
by platitudes, however often reiterated from the lecture platform. 

Boys and young men quick to detect cant are equally quick to 
recognize and value square-dealing and to love and follow and model 
themselves after the straightforward man. Of all of that first 
faculty there was no one to whom the undergraduates could and did 
more confidently look for a square deal than to Thurston. That 
straight clear gaze, right into your eye, gave at once a confidence in 
the man and in his methods that experience did not belie. 

Single instances prove few cases and a life such as Thurston’s is 
not to be judged by citing examples and incidents. The true 
measure of his great work and usefulness is the standard set 
by the great Master, “by their fruits ye shall know them.” By 
no other standard would Thurston have asked to be judged and the 
fruits of his work at Stevens are proven not by the accomplishment 
of specially gifted men who studied under him but by the general 
standing of the Stevens men of this day. 

a@ i?! 


- THURSTON IN LITERATURE AND IN RESEARCH 


My acquaintance with Dr. Thurston began near the end of the 
year 1874, when I called upon him to make arrangements for enter- 
ing the junior class in the Stevens Institute of Technology. He was 
then thirty-five years ofage. He was at this time professor of mechan- 
ical engineering, meeting his classes two hours a day for, I think, 
five days in the week; he was editing the four volumes of reports of 
the United States Commission to the Vienna Exhibition of 1873, one 
of the volumes being written by himself; he had shortly before 
written a report of the United States Commission for investigating 
the causes of steam-boiler explosions; he was planning the researches 
to be made"by the United States Board"to test iron,”steel“and other 
metals, of which he was secretary and the most active member. 
Besides all this he was writing papers for the American Society of 
Civil Engineers and for the Journal of the Franklin Institute, con- 
cerning the results of his researches. In 1871 he had conducted a 
series of boiler tests on several different makes of water-tube boilers 
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at the American Institute fair in New York. In 1873 he had organized 
a mechanical engineering laboratory for the purpose of making engi- 
neering researches, the first of the kind to be established in the 
United States. At about the same time he invented his well-known 
autographic testing machine for testing materials by torsion, and 
later he invented a machine for testing lubricants, in which some 
of the principles of the torsion machine were embodied. 

In June 1875, Dr. Thurston called me into his office and told me 
he wanted me to undertake a research into the strength and other 
properties of the alloys of copper. I said to him, ‘I don’t know 
anything about alloys.” ‘That is a good qualification,”’ said he, 
“you won’t have anything to uulearn.”’ He told me how to make a 
research into the literature of the subject, and how to find indexes 
to such literature. He had me write him a report of all I could find 
that was then known about the alloys of copper and tin and copper 
and zinc, and after studying it he planned a series of tests to be 
made in the laboratory, which took eighteen months to complete. 
During all this time I had to report to him almost every day, and I 
had a desk in his office. Then began an intimate friendship which 
lasted until the day of his death. During these two years of compan- 
ionship I was ever more and more impressed with Dr. Thurston’s 
genius and with the breadth of his intellectual power. Not only was 
he a tireless worker, driving the pen or pounding the typewriter 
hour after hour, but his brain always seemed to be working as steadily 
and as rapidly as his pen. Whenever he was asked a difficult ques- 
tion the answer seemed to come instantly from his well-stored mind, 
and the answer was right. Such a combination of industry, rapid 
and clear brain-action, and broad intellectual grasp of a great variety 
of subjects, engineering and other, I have never known in any other 
man. 

Such intense mental activity as Dr. Thurston exhibited in these 
years led to its natural result, nervous exhaustion. There was a time 
in 1876 when he visited the Institute only for a few minutes each 
day, and five minutes’ conversation on any technical question would 
almost prostrate him. During this time he was worried by the fear 
that Congress would not continue the appropriation for the work 
of the United States Test Board, and he undertook to write a letter 
on the subject to one of the senators, but it took him a week or more 
to write the letter, working on it five minutesaday. He gave mea 
copy of it to take to one of the members of the board in New York 
City, and that member said to me that it was by far the best presen- 
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tation of the subject that had ever been made. Such was the quality 
of his work when he was on the verge of physical collapse. 

Here is another example of the kind of work he could do during 
the same period. He had been planning a series of tests of the triple 
alloys of copper, tin and zinc, and one day on one of his brief 
visits to the Institute he said to me: “Here is something I want to 
show you. Here is anequilateral triangle. It is one of the proper- 
ties of this triangle that if from any point within it perpendiculars 
are drawn to each of the sides the sum of these perpendiculars is 
equal to the altitude. Now let us mark one apex 100 copper, another 
100 tin, and the third 100 zinc, and the opposite sides zero copper, 
tin and zinc. Then any point in the triangle represents one alloy, 
and all the possible points represent all the possible alloys of the 
three metals. Now divide each altitude into ten parts, and through 
the points of division draw lines parallel to the three sides. The 
crossing points of these lines represent all the alloys whose constit- 
uents are even multiples of ten per cent. We will make these alloys 
and determine their tensile strength, and we will cut a lot of straight 
wires to lengths corresponding to the strength; then we will set these 
wires vertically on a board which has the triangle drawn upon it, in 
holes drilled at the points representing the alloys. We will then fill 
in this forest of wires with plaster of paris, smoothing it off so as 
just to leave the tops of the wiresvisible. We will thus have a topo- 
graphy which shows the general law of the relation of the tensile 
strength of the triple alloys to their composition.”’ I well remember 
my amazement when he had completed the description, that a man 
with such a worn-out brain should be capable of such a brilliant piece 
of intellectual work and invention. The investigation of the triple 
alloys was carried out exactly as he had planned it, and the results 
were published in the Reports of the United States Test Board, and 
in Dr. Thurston’s book on Alloys. 

In 1873 Dr. Thurston discovered the phenomenon of the elevation 
of the elastic limit of iron and steel. It was also discovered indepen- 
dently in the same year by Commander L. A. Beardslee, U.S.N. 
In the years following he tried to find other metals or alloys that ex- 
hibited the same peculiar action after being strained beyond their 
elastic limit, but never found one. In 1874 he investigated the burn- 
ing of tan bark for fuel in specially constructed boiler furnaces, and 
'n 1875 and 1876 he made a number of tests of steam boilers. For 
some years after 1876 he carried on investigations of lubricants, the 
“esults of which are in his book on Friction and Lost Work. In later 
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years his researches were not numerous or important, for the reason 
that his time was fully occupied with other work. It is a matter 
for lasting regret that the work of the United States Iron and Steel 
Test Board was discontinued almost before it was fairly started, and 
before the Watertown testing machine, which was built for its use, 
was finished. 

Dr. Thurston was an omnivorous reader, and a tremendously active 
writer. Prior to 1880 most of his technical writings were contri- 
buted to the American Society of Civil Engineers and to the Journal 
of the Franklin Institute. After that date his engineering papers 
were mostly given to The American Society of Mechanical Engineers. 

Dr. Thurston’s literary work was not confined to engineering 
matters. In 1873 he contributed to the Scientific American a series 
of seventeen articles on his observations in Europe, which included 
not only what he had seen at the Vienna Exhibition, and in the 
several iron works that he visited, but also his reflections on social 
conditions in the manufacturing centers. Here is a quotation from 
his remarks on the inferiority of workmanship which then charac- 
terized many European productions: 


A liberalization of patent codes, and the gradual training of the workmen of 
Europe to a knowledge of the importance of good workmanship, and of the 
methods of securing it, will at a time which we hope is not far distant, do much 
toward the improvement of the condition of the people. We draw some of our 
best material from amongst them, and it seems sufficiently evident that not 
upon nature but upon man’s own imperfect political systems lies the responsi- 
bility of the unsatisfactory condition of manufactures in Europe. 


Dr. Thurston’s first important book after his report of the Vienna 
Exhibition was his History of the Growth of the Steam Engine, pub- 
lished by Appleton in 1878. It is written in his best style, and to 
those who are at all interested in the subject it is as readable as a 
novel. It illustrates his painstaking care to be sure of his facts, his 
skill in arranging them in logical order, and his good judgment in 
drawing conclusions. In 1877 he brought out a little book on Steam 
Boiler Explosions in Theory and Practice. 

In 1879 he had his second and last nervous breakdown, more 
serious than the first, so that he was compelled to spend more than 
a whole year in asanitarium, doing no work of any kind. Hereturned 
to work in 1880, and then followed twelve years of most intense 
literary activity, during which he brought out an average of a book 


every year,some of them large octavos of 1000 pages. Here is a list 
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THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS 


VOLUME 32—1910 


HIS volume contains the papers and proceedings of The Ameri- 

can Society of Mechanical Engineers for the year 1910, 

covering the thirty-first year of the Society’s history. A 

record of the work of the year is given in the annual report of the 
Council, presented at the Annual Meeting of 1910. 

The newly-elected President, George Westinghouse of Pittsburg, 
was introduced, as is customary, at the Annual Meeting of the Society 
in December 1909, an account of which appeared in Volume 31 of 
Transactions, covering the proceedings of 1909. 


~ George Westinghouse, President of the Society for 1910, was born 
at Central Bridge, N. Y., October 6, 1846. His father was a manu- 
facturer of agricultural machinery, and established works at Sche- 
nectady, which are stillin operation. The younger Westinghouse was 
educated in the public schools and at Union College, Schenectady, 
and received his early mechanical training in his father’s manufac- 
tory. His tastes were strongly in the direction of machinery and the 
solution of mechanical problems. 

The patriotic ardor which filled the youth of the country during 
the Civil War drew young Westinghouse into the volunteer army in 
June 1863. He was under seventeen, but on account of his size and 
strength—he was six feet tall and weighed 180 pounds—the recruiting 
officers admitted him. In December 1864 he became an assistant 
engineer in the United States Navy, serving in that capacity until 
August 1865. 
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Returning to civil life he invented in the same year a device for 
replacing derailed cars, and while placing this invention with the 
railroads his attention was attracted by the prevalence of minor and 
serious accidents due to the lack of efficient means for controlling 
trains in motion. After a careful study of the subject, and such ex- 
periments as were possible with the limited means then obtainable, 
he invented the air brake and patented it in 1868. 

The first train to which this brake was applied ran on a line west 
from Pittsburg and on what is now a portion of the Pennsylvania 
Railroad. During the trial trip a collision with a loaded team stuck 
on a grade-crossing was prevented. This practical illustration of 
the utility of the invention led to the adoption of the brake. Mr. 
Westinghouse, retaining the control of his invention, undertook to 
manufacture it and organized the Westinghouse Air Brake Company, 
establishing at Pittsburg the business which subsequently became 
the nucleus of the many industries associated with his name. He 
later applied compressed air to switching and signalling and utilized 
electricity in this connection. From this grew the Union Switch 
and Signal Company. 

His introduction of electricity into switch and signal work led him 
far into electrical experiment and he devoted his energies to a cause 
in which few then believed, the adoption of the alternating current 
for lighting and power, in which he had to meet and overcome almost 
fanatical opposition, which in many States sought legislation against 
the use of the alternating current as dangerous to the public welfare. 
In 1885 he acquired the patents of Gaulard & Gibbs, and having un- 
dertaken a comprehensive study of the distribution and utilization 
of electrical currents in a large way, he personally devised appa- 
ratus and methods for the work, and gathered around him a group 
of men who were to become experts in the new electrical art. He 
also organized the electrical company which bears his name and 
undertook the development and manufacture of the induction motor 
which made practical the utilization of the alternating current for 
power purposes. 

Following the discovery of natural gas in the Pittsburg region, 
Mr. Westinghouse devised a system for controlling the flow and for 
conveying the gas over long distances through pipe lines, thus suppiy- 
ing fuel to the homes and factories of Pittsburg. He took up the 
study of the gas engine, and for ten years conducted a series of exhaus- 
tive experiments in this line, at the end of that time putting into 
commercial use a gas engine of large power for electric generating. 
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Mr. Westinghouse introduced the Parsons steam-turbine into this 
country, adding to it improvements and developments of his own, 
ere others carried out under his supervision. He has also recently 
developed a steam turbine for ship-propulsion designed to overcome 
the well-known objections to the use of turbines in that field, and 
lately coéperated with Rear-Admiral Geo. W. Melville and John H. 
Macalpine in their study of problems associated with driving of pro- 
pellers at low speed by turbines of high speed. 
It is impracticable to enumerate here the inventions which Mr. 
Westinghouse has personally made or those which his staff have 
- brought forth under his supervision. As a result of this work and 
enterprise, there have grown thirty corporations of which he is presi- 
dent, employing 50,000 men, and $120,000,000 of capital, with works 
at Wilmerding, East Pittsburg, Swissvale and Trafford City, Pa.; at 
~ Hamilton, Canada; London and Manchester, England; Havre, France; 
-Vardo, Italy; and at Vienna and St. Petersburg. 

Mr. Westinghouse has made many visits to Europe in connection 
with his inventions and industries. There as in his own country he 
has won the friendship of the foremost men of his time and the high 
esteem of the engineering profession. He has been decorated by the 

French Republic and by the sovereigns of Italy and Belgium; and 
he was the second recipient of the John Fritz Medal, Lord Kelvin, 
his friend of many years, having been the first. The Ké6nigliche 
Technische Hochschule of Berlin bestowed upon him the degree of 


- Doctor of Engineering; and his own college, Union, gave him the de- 
gree of Ph.D. Besides his Honorary membership in The American 
Society of Mechanical Engineers, Mr. Westinghouse is one of the two 
honorary members of the American Association for the Advance- 
ment of Science and is an honorary member of the National Electric 
Light Association. 


THE ANNUAL REPORTS OF THE COUNCIL AND 
STANDING COMMITTEES, 1910 


THE REPORT OF THE COUNCIL 


The Council presents the following summary of the activities of the 
Society, supplementing the reports of its Standing Committees, which 
are part of the report. 

The Council has held nine meetings during the administration 
year, from December 1909 to December 1910. 
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In response to invitations representatives have been appointed on 
the following occasions: 


National Civic Federation Conference on Uniform State Legislation, Wash- 
7 ington, D. C., January 17-19 
; Jesse M. Smith, Chas. Kirchhoff, A. W. Burchard, E. G. Spilsbury, F. 
M. Whyte, Wm. H. Wiley. 
Opening of the Forest Products Laboratory of the University of Wisconsin, 
Madison, June 4 
Carl A. Johnson, J. G. D. Mack. 
International Congress of Mining, Metallurgy, Applied Mechanics and Prac- 
tical Geology, Diisseldorf, June 19-23 
Charles Whiting Baker (also appointed from the Department of State as 
a delegate on the part of the United States). 
Funeral of Charles T. Porter, Honorary Member, Auburn, N. Y., August 30 
Alex. C. Humphreys, Hosea Webster, A. E. Forstall, J. E. MeIntosh. 
Second National Conservation Congress, St. Paul, Minn,. September 5-9 
Paul Doty, J. J. Flather, L. H. Gardner, E. FE. Johnson, M. FE. R. Toltz. 
National Irrigation Congress, Pueblo, Colo., September 26-30 
C. H. Williams. 4] 
American Mining Congress, Los Angeles, Cal., September 26-October 1 : 
H. H. Clark, Robert Linton. r 
Inauguration of President MeVey, University of North Dakota, September 
27-29 


Calvin H. Crouch. w Tae 


MEMBERSHIP 


The changes in membership are shown in the following table: 4 


No. | LOSSES ADDITIONS ; No. 
1909 Trans- Resig- | Death Trans- Elec- INCREASE 1910 
fer nation fer tion 

Honorary.......... 15 | er 1 1 15 
Members .......... 2483 13 13 31 28 155 126 2609 
Associates ......... 394 28 5 4 5 1 40 decrease 393 
834 16 20 1 86 48 
ee 3726 29 34 37 38 29 282 173 3899 


Affiliates of Student Branches... ..... 
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; The following resignations were accepted during the year 1909 
1910: 
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Edgmont B. Arnold, Jno. 8. Avery, Richard C. Beverley, Albert E. Coleman, 
‘Asa S. Cook, Carl S. Dow, Harry Dunn, L. Hodgson, A. E. Holcomb, Zareh 
H. Kevorkian, George E. Kirk, Wellington W. Kuntz, W. A. McFarland, 

_ Henry E. Paine, R. Raymond, E. G. Rust, Foster C. Slade, Henry J. Scales, 
_L. Searing, Ephraim Smith, J. E. Tatnall, Chas. J. Wachalofsky, Arthur S. 
‘Wardwell. 


Membership which has lapsed during the year 1909-1910: 


Arthur T. Alexander, Elmer T. Barnard, Wm. W. Bigelow, Frederick A. 
Boland, F, E. Bradenbaugh, James Breen, Jas. M. Briggs, E. D. Clarage, 
John G. Dodwell, Wm. F. Donovan, L. H. Gardner, Jos. N. Gregory, H. H. 
Hanna, Jr., Geo. O. Hodge, G. L. Holmes, Nathaniel Lombard, Chas. F. Meiss- 
ner, E. E. Miller, John L. Mohun, Rafael de la Mora, James Naughten, Harvey 
_E. Newell, W. Allen Pendry, H. W. Pudan, J. D. Ramsay, Warren B. Reed, 
Cyrus W. Robinson, D’A. W. Roper, Frederic Albert Schroeder, Edward Seaver, 
dr. Robert M. Snyder, E. O. Spillman, George W. Stewart, Alfred A. Thresher, 
Chas. Henry Umstead, C. L. Weil, A. J. Wiechardt. 
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Members deceased during the year 1909-1910: 


Mark Bary, Stephen Baldwin, Chas. Batchelor, Wm. P. Bettendorf, Jas. H. 
“Blessing, J. H. Bloomberg, Jas. W. Bridge, Wm. W. Churchill, Chas. B. Clark, 
- Wm. E. Crane, B. Cruikshank, Chas. B. Dudley, J. D. E. Duncan, R. W. 
Goodale, Jas. B. Faulks, Jr., C. F. Foster, Chas. H. Ferry, J. Garbett, A. M. 


Goodale, L. C. Grover, H. 8S. Haskins, Walter C. Kerr, John E. McKay, Wm. 
Metcalf, F. J. Plummer, Wm. N. Parsons. Chas. T. Porter, I. I. Redwood, 
P. A. Sanguinetti, T. H. Savery, Horace See, Gardner C. Sims, J. Henry Sirich, 
_Jr., Wm. W. Snow, E. P. Sparrow, A. Spies, Chas. Swinscoe, C. H. Willcox. 


On approval of the Membership Committee, John T. Jones and 
B. H. Cameron have been reinstated. 

The Council has elected to Life Membership, 8. B. Whiting and 
W. F. Mattes, who have been Members ever since the formation of 
the Society; and George W. Melville, Rear-Admiral, Past-President 
of the Society, has been made an Honorary Member. 

On the Spring and Fall Ballots the following new members were 
elected and changes in grade of others authorized: 


Elected June 1, 1910, Atlantic City: Members. W. J. Best, F. A. Blakeslee, 
Edward W. Brown, William L. Bryant, Henry Kenyon Burch, W. R. Carson, 
Cloyd M. Chapman, H. B. Chapman, Frank H. Clark, H. I. Cone, E. 8. Cooley, 
E. H. Coster, A. D. Cressler, Byron Cummings, W. J. Davis, John A. Doane, 
D. Dorward, Jr., M. C. Ernsberger, R. W. Fenn, Harwood Frost, George W. 
Fuller, J. W. Fuller, Jr., David L. Gallup, Albert F. Ganz., Edwin 8. Hallett, 
John Hays Hammond, W. H. Herschel, Alec. W. Hodgson, U. T. Holmes, F. 
Kingsley, A. Lebrecht, C. R. Lester, Wm. J. A. London. Harrison Loring, Jr., 
Chas. G. Lundgren, Adolphus A. McLeod, W. G. Marot, Irving S. Merrell, | 
Frank H. Metcalf, John F. G. Miller. Lewis F. Moody, J. Wm. Neidhardt, 


Henry B. Oatley, Harry L. Parr, A. C. Paulsmeier, C. H. Peterson, Hollis P. 
Porter, Snowden B. Redfield, George R. Sanford, Eugene Y. Sayer, R. Schlatter, 
John J. Scollan, F. L. Sessions, W. C. Shallcross, Joseph D. Shaw, Elmer 
A. Sperry, Edson M. Stevens, Eliot Sumner, Theodore 8S. Tenney, W. E. 
Van Patten, V. 8S. Westcott, W. H. Whiteside, R. M. Wiggin, Paul Winsor, 
BE. W. Wyatt, Lucien I. Yeomans, 8. J. Zowski-Zwierzchowski. Promotion 
to Members. P. H. Batten, Frank Bishop, Jos. A. Bursley, Carl F. Dietz, 
R. W. Emerson, F. L. Kennedy, Roy Stevenson King, Frederick W. Mahl, 
S. M. Marshall, H. E. Satterfield, C. D. Young, John M. Young. Asso- 
ciates. Frank Burgess, 8. P. Cobb, H. N. Cooley, Frank M. Sears, O. 
C. Thompson, Charles N. Thorn, Lawrence Whitcomb. Promotion to Asso- 
ciates. Wm. P. Hawley, Sante G. Henes. Juniors. M. L. Abrahams, John 
Adams, Alex. D. Bailey, Geo. A. Bancroft, Arthur F. Barnes, C. M. Barron 
E. H. Bedell, Richard O. Bonner, J. B. Brady, Walter FE. Brown, A. Bradley 
Burgess, Harold Thomas Carter, T. .D. Casserly, W. Van Alan Clark, H. H. 
Cook, William H. igo Glen H. Corlette, W. H. Correa, W. R. Crute, Geo. H. 
Cunningham, H. N. Davock, Ed. G. Dubarry, 8. A. Ellenbogen, R. Emerson, 
H. V. Ennis, Ste ze n I. Fekete, J. O. Fisher, Walter J. Foley, George F. Gast, 
W. G. Gernandt, H. S. Gladfelter, Chas. C. Grant, Dwight K. Hall, H. D. 
Hartley, Fred M. Heidelberg, C. T. Henderson, Harry A. Hey ,Warren B. Hood, 
_C. M. Husted, Austin D. Keables, H. B. Lange, W. H. Lines, J. Harold Me- 
Creery, H. B. McKibben, Thos. B. Morris, 8. T. Mudge, B. 8. Nelson, J. G. 
Painter, John H. Peper, Jr., William T. Price, Rudolph Roesler, Philip L. Ross, 
D. D. Rowlands, R. L. Rowley, R. P. Schoenijahn, J. T. Sharp, Jr., E. J. J. 
Sievers, Charles O’Conor Sloane, N. L. Snow, W. C. Sprau, R. K. Stockwell, 
Everett W. Swartwout, H. B. Taylor, Gerald E. Terwilliger, Charles Thoma, 
Jr., Walter Thoma, L. B. Webster, James L. Wick, Jr., R. A. Wilson, Forest 
E. Woodman, A. R. Zachert, 

Elected Secambes 7 7, 1910, New York: Manhess. Lawrence Addicks, Will 
H. Baltzell, H. H. Barnes, Jr., Dwight K. Bartlett, Oliver D. H. Bentley, 
John C. Bird, George Wright Bowers, H. A. Brinkerhoff, Willard Brown, 
Forest E. Cardullo, J. D. Carr, Markham Cheever, Howard B. Clark, F. B. 
Cockburn, Arthur E. Cutler, Hans Dalstrand, W. R. Dunn, Charles L. Edgar, 
William J. Edwards, W. W. Erwin, Edmund H. Farquhar, John Fisher, Ben- 
jamin D. Fuller, Halbert P. Gillett, Philip M. Hammett, F. M. Hartman, 
J. R. Henderson, Chas. H. Herrick, Lewis A. Howland, Allen Hubbard, George 
Francis Hutchins, Chas. T. Hutchinson, A. L. Johnson, G. R. Joughins, O. 
F. Junggren, P. Junkersfeld, Karl W. Knorr, Gustav L. Kollberg, J. W. 
Ledoux, Norman Marshall, Frank Amedee Nazzur, Warren E. Murray, Walter 
S. Myers, Charles L. Norton, M. Webb Offutt, Francis Conrad Osborn, Oscar 
P. Ostergren, Perley Burnham Palmer, Geo. U. Poole, Edwin Jay Prindle, 
M. H. Putnam, Edward B. Richardson, Charles H. A. F. L. Ross, Will M. 
Sawdon, Phineas V. Stephens, Sidney Stevens, James Balboa Stokoe, 
Julian B. Strauss, Wm. Barrett Updegraff, E. Victoreen, G. R. Wadsworth 
E. L. Walker, D. E. Washington, William P. Westcott, C. T. Westlake, Thos. 
R. Weymouth, Richard T. Wingo, John J. York; Promotion to Members. 
John H. Damon, James E. Gibson, Henry John “¢-g Arthur C. Jackson, 
Horace Judd, Wm. H. Kavanaugh, J. H. Maysilles, H. A. Moody, James A. 


Pratt, Geo. F. Read, Jr., Theodore Howard Taft, J. W. T: aylor, J. G. Vincent, 
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F. H. Vose, H. L. Whittemore, L. L. Willard. Associates. Freeman Field, 
Emil J. Heinen, M. T. Maguire, Ray Mayhew, John B. Perkins, W. R. Porter, 
G. FE. Richardson, Arthur C. Scott. Juniors. John F. Allison, Edward E. 
Ashley, Jr., H. Harding Bailey, W. J. Bailey, T. D. Banks, Henry C. Beck- 
with, Harry Lewis Benner, Myron R. Bowerman, Wm. Wallace Boyd, Harry 
= | Brown, R. U. Bunker, Herbert W. Carey, F. A. Collins, Jr., P. E. Cowgill, 
Magruder Craighead, Peter A. Cummins, Charles Iven Day, H. L. Doolittle, 
_H. Alfred Ellis, John Fallon, W. W. Fisher, Arthur P. Gerry, Frank J. Gordon, 
Lucian L. Haas, H. F. Hallock, L. G. Hanmer, R. C. Hargreaves, Eugene Hunt, 
Frederick W. Ives, John R. James, Reid Jones, John P. Kotteamp, Milton Krae- 
mer, Chas. H. Leaman, Nixon Lee, W. E. McCann, J. P. MeJilton, W. R. MeKin- 
non, C. H. Mount, John P. Mudd, Albin J. Nott, Harry Ottinger, H. H. Ramsey, 
John I. Rogers, Jr., James R. Rossman, Jr., Chris. A. Shearer, A. F. Sinclair, 
Harry St. Clair Spillman, Glegge Thomas, Robert H. Tifft, Albert C. Townsend, 
Samuel K. Varnes, Joseph W. Wattles, 3rd, Erwin L. F. Weber, Hugo W.Weimer. 


The Membership Committee have recommended this year for 
ballot 306 candidates, including 30 candidates for promotion, as 
compared with 339 last year, including 45 promotions. The general 
financial conditions prevailing in the country and the strictness with 
which the Committee is scrutinizing applications perhaps account for 
the slight falling off this year. 

At the Spring Meeting amendments were adopted, the intent of 
which is to make the Associate grade no longer an intermediate grade 


between Member and Junior. These amendments appear in the report 
ot the Constitution and By-Laws Committee. = 


STUDENT BRANCHES 


The Council has been strict in its requirements for admission of 
Student Branches, and in general these are similar to those of the 
Carnegie Foundation for the Advancement of Teaching. There have 
been admitted to Student Membership since the last annual report, 
the University of Maine, Orono, Me., the University of Arkansas, 
Fayetteville, Ark., Yale University, New Haven, Conn., and Rens- 
selaer Polytechnic Institute, Troy, N. Y. 


PUBLIC RELATIONS COMMITTEE _ 


An amendment to the Constitution was adopted at the Spring 
Meeting in Atlantic City which added the Public Relations Committee 
‘o the regular standing committees of the Society. The President 
ippointed James M. Dodge, Past-President, Chairman, with associ- 
ites, Robert W. Hunt, Past-President, Dugald C. Jackson, J. W. Lieb, 
ir., Fred J. Miller. This committee will take up as one of its first 
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duties the report of the committee appointed by the Council to inves- 
tigate the proposed bill before the legislature of the State of New 
York looking to the licensing of engineers. 

The special committee consisted of Chas. Whiting Baker, Chair- 
man, Leonard Waldo and Alfred Brooks Fry, and their investigations 
have brought out data on this in foreign countries. 

a 
PUBLICATIONS 

Under the direction of the Publication Committee there have been 
issued twelve numbers of The Journal with approximately 2461 
pages of text and 638 pages of advertising matter; and Volume 31 of 
the Transactions. The Year Book is now issued but once a year and 
combines the geographical and alphabetical lists formerly issued in 
January and July. 

Fred R. Low has been appointed a member of the Publication 
Committee to serve the unexpired term of H. W. Spangler, resigned. 


HOUSE COMMITTEE 


7 The House Committee have completed the decoration of the 
rooms of the Society, including the Secretary’s office. These improve- 
ments have received favorable comments from the members and 
others. The Society’s rooms are now especially inviting and comfort- 
able and offer a convenient place for making appointments. 
The Society has received 218 gifts of books during the year, 176 
by purchase and 85 by exchange. By the codperation of Founder 
Societies in the administration of the libraries of the three Founder 
Societies as one library and extending the benefits, it is hoped that in 
the near future a trained engineer and librarian may be engaged, 
looking also to possible codperation with the New York Public 
Library when it moves to the new site near the Society headquarters. 


MEETINGS 


’ Meetings of the Society are now being conducted in four cities. 
The Committee on Meetings having extended the privileges of the 
membership in Boston and St. Louis, have arranged for meetings of 
the Society in the cities of San Francisco and New York which shall 
be uniform with the first-mentioned cities. 


| 
A 


SOCIETY AFFAIRS 
_ During the past year there have been held seven meetings in New 
York with an average attendance of 271;in St. Louis six meetings with 
an average attendance of 75; and in Boston six meetings, with an 
average attendance of 240, some of these in coéperation with other 
) At the inauguration of meetings in San Francisco the Com- 
mittee on Meetings delegated the Secretary of the Society and 
the Chairman of the Committee on Meetings to be in attendance. 
-Past-President Jesse M. Smith and the Secretary also attended 
meeting in St. Louis during the year. 
_ Two new committees have been appointed, one on Meetings in New 
York, Walter Rautenstrauch, Chairman, Fredk. A. Waldron, Treas- 
—urer, F. H. Colvin, Edward Van Winkle and Roy. V. Wright, thus 
~ not only making all meetings uniform but also giving the nucleus of an 
organization to care for the social features of the regular Annual 
Meeting in New York. A Committee on Economic Administration 
of Industrial Establishments is being organized which shall have 
general responsibility for developing papers and meetings on that 


subject. 


RESEARCH COMMITTEE 

The Research Committee have prepared a list of laboratories 
of the various technical schools of the country. In addition to the 
name and location of the laboratory, the data include the name of the 
director, the field of engineering for which the laboratory is equipped, 
a list of subjects already investigated, the published reports, and a 
statement of problems under investigation. The Committee also have 
under consideration the development of a standard by which to judge 


societies. 


the performance of safety valves. 
pie® 


H. G. Stott, A. M. Mattice, J. P. Sparrow, and Wm. Schwan- 
hausser have been appointed a committee to codperate with the 
National Steam and Hot Water Fitters Association leading to the 
adoption of a uniform standard for flanged and screwed cast-iron 
fittings. 


IDENTIFICATION OF POWER HOUSE PIPING 


The committee appointed to report on the subject of standardiz- 
ing the pipe coloring for power houses, H. G. Stott, Chairman, H. 
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P. Norton, Wm. H. Bryan, I. E. Moultrop and J. T. Whittlesey, advised 

the appointing of a special committee on the subject to establish at the 

earliest possible date a standard system of coloring. The same com- 

mittee has been re-appointed for this work. aie a, Oss 
> > f= 


LAND FUND COMMITTEE 


On the resignation of the former Land Fund Committee, a new 
committee was appointed by the Council, Worcester R. Warner, 
Chairman, C. N. Lauer, I. E. Moultrop, Geo. A. Orrok, F. H. Still- 
man. An active campaign has been started to clear the indebtedness 
of the Society for its share in the land on which the Engineering 
Societies Building rests, and $88,920.03 have been received to date, 
leaving $85,765.03 to be raised. 


FINANCE COMMITTEE 


The Finance Committee have taken an active oversight of the 
financial affairs of the Society and too much credit cannot be given 
for their conscientious work. 

On account of the fact that election to membership occurs at a 
different date from that of the beginning of the fiscal year, at the 
request of the Council the question of partial dues has been considered 
carefully, with the result that amendments have been adopted during 
the year and have become a working basis, as shown in the report 
of the Committee on Constitution and By-Laws. 


Under the direction of the Committee on Constitution and By- 
Laws, the following amendments have been made to the Constitu- 
tion, By-Laws and Rules: 


C10 An Associate shall be thirty years of age or over. He must have 
been so connected with some branch of engineering or science, or the arts, or 
industries, that the Council will consider him qualified to coéperate with en gi- 
neers in the advancement of professional knowledge. 


C11 A Junior shall be twenty-one years of age or over. He must have 
had such engineering experience as will enable him to fill a responsible subor- 
dinate position in engineering work, or he must be a graduate of an engineer- 
ing school. A person who is over thirty years of age shall not be eligible to 


membership in the Society as a Junior. pr ct “ey 
fe 
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C45 The Standing Committees of the Society to be appointed by the 
President shall be: 


Finance Committee. 
Committee on Meetings. 
Publication Committee. 
+ Membership Committee. 
Library Committee. 
House Committee. 
Research Committee. 
Public Relations Committee. 


B11 Each person elected to membership, except an Honorary Member, 
must subscribe to the Constitution, By-Laws, and Rules of the Society, and 
pay the initiation fee before he can receive a certificate of membership in the 
Society. Resignations from membership shall be presented to the Council 
for action. 


B16 The initiation fee and the annual dues for the first year shall be due 
and payable on the first day of the month following the date of the election 
of a Member, Associate or Junior. The annual dues for each ensuing year 
shall be due and payable in advance on the corresponding day in each year 
thereafter. Upon the payment of the initiation fee and the annual dues for 

the first year, the person elected shall be entitled to the rights and privileges 
of membership in the grade to which he was elected. The date of payment 
of a member's annual dues may be changed to the first day of any other month, 
anda pro rata adjustment of the dues made, by application to the Secretary. 


B17 A Member, Associate or Junior in arrears for dues for one year, on the 
first day of October previous to the Annual Meeting, shall not be entitled to 
vote, or to receive the Transactions or the publications issued by the Society 
thereafter until such dues have been paid. Should the arrears for dues or other- 
wise be for more than two years, the name of such person shall be presented 
to the Council for such action as it deems advisable under C 24. Should the 
right to vote, or to receive the publications of the Society be questioned, the 
books of the Society shall be conclusive evidence. 


B18 The Council may, in its discretion, restore to membership any person 
dropped from the rolls for non-payment of dues, or otherwise, upon such terms 
and conditions as it may at the time deem best for the interests of the Society. 


B22 The Finance Committee shall consist of five Members or Associates. _ 
The term of office of one Member of the Committee shall expire at the end of 
each Annual Meeting. This Committee shall, under the direction of the - 
Council, have a supervision of the financial affairs of the society, including = 

the books of account. The Committee may cause the accounts of the Society - 
to be audited and approved annually by a chartered or other competent public . : 
accountant. The Committee shall hold monthly meetings for the audit of — 
bills and such other business as shall come before it and shall deliver to the _ 
Secretary for representation to the Council at the end of each fiscal year, a r ‘ 
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report of the financial condition of the Society for the past year, and also shall 
present therewith a detailed estimate for the probable income and expenditure 
of the Secretary for the following twelve months. It shall make recommenda- 
tions to the Council as to investments, and when called upon by the Council, 
advise upon financial questions. It shall have charge of the making of all 
contracts and other obligations to pay money in the Society’s work and the 
ordering of all expenditures thereunder. 


B 24 The Publication Committee shall consist of five Members or Associates. 
The term of office of one Member shall expire at the end of each Annual Meet- 
ing. The Committee shall review all papers and discussions which have been 
presented at the meetings, and shall decide what papers and discussions, or 
parts of the same, shall be printed in the Transactions of the Society. The 
Committee shall have the supervision of the monthly publication of the Society 
known as ‘The Journal.’”’ The Committee will be expected to publish all 
such data as will be of assistance to engineers or investigators in their work. 
At the end of each fiscal year the Committee shall deliver to the Secretary 
for presentation to the Council a detailed report of its work. 


B37 The Annual Meeting shall begin in the City of New York on the first 
Tuesday in December and continue from day to day as the Council may direct. 

The Annual Business Meeting of the Society shall be held on the Wednesday 
following the first Tuesday of December. 

The Semi-Annual Meeting shall be held in such a place and begin on such a 
day as the Council may direct, and continue from day to day. 

The Semi-Annual Business Meeting of the Society shall be held immediately 
preceding the first professional session of the Semi-Annual Meeting. 

Professional meetings of the Society for the reading and discussion of papers 
and for topical discussions may be held at such times and places as the Council 
may direct. 

Announcements of all meetings of the Society shall be published in The 
Journal. 

A notice of each Annual and Semi-Annusa! Meeting and each Annual and 
Semi-Annual Business Meeting of the Society shall be mailed by the Secretary 
to each member in each grade not less than 30 days before the date of that 
meeting and at least 30 days before each Special Business Meeting. 


R24 Engineers and others not members of the American Society, but de- 
siring to participate in the meeting of the Section, may enroll themselves as 
affiliates as heretofore provided with the approval of the Executive Committee 
of the Section. Such affiliatesshall have the privilege of presenting papers and 
taking part in the discussions. They shall pay $5 per annum which shall be 
due and payable in advance, on October 1 of each year of their enrollment, 
and shall thereby be entitled to receive the regular issues of The Journal for 
a period covered by their dues. 


R29 The American Society of Mechanical Engineers will furnish monthly 
issues of The Journal to all members of affiliated organizations who are not 
members of The American Society of Mechanical Engineers upon the pay- 
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ment by each of two dollars per year, such payment being due January 1 of 
each year. The American Society of Mechanical Engineers will furnish gratis 
to each affiliated body, extra copies of advance papers for use at its meetings, 
the number furnished to be agreed upon at the discretion of the Secretary. 


R35 The tellers of election in counting the ballots for officers shall con- 
sider the ballot for an officer as valid, provided the intent of the voter as to 
that particular office is clear, even though his ballot as to candidates for another 
office may for any reason be invalid. 


A special committee appointed to report on improvements in the 
= of balloting now in use in the Society, Theodore Stebbins, 
Chairman, W. T. Donnelly and Chas. E. Lucke, have made a report 
which is to be considered at a joint meeting of the committees inter- 
ested. 

MEETING IN ENGLAND 


The Secretary and Honorary Secretary presented reports of the 
enjoyable trip to England and the meeting with The Institution of 
-Mechanical Engineers. The former report is in narrative form while 
the latter treats of the significance of international meetings. 


=? REPORT OF THE FINANCE COMMITTEE = 


After one of the most active years in the history of the Society your 
Committee is gratified in being able to present a financial report 
which indicates growth and prosperity financially as well as techni- 
cally. 

Although the current expenses of the Society were larger than in 
any time in its history, yet as will be seen from the appended reports 
the current income has met the expenses in full and has enabled us to 

cancel in this one year all of the extraordinary expenses up to date, 
due to the meeting with The Institution of Mechanical Engineers in 
England the past summer, and also to add to our surplus account. 
This has been made possible from the fact that our excess of income 
over expenses for the year was $10,649.41. 

It is also interesting to note that at the close of the fiscal year our 
entire surplus represented by property and accounts receivable was 
$6433.56 greater than September 30, 1909. 

The Committee regret to record that no specific results have been 
attained during the year just closed in the direction of reducing our 
mortgaged indebtedness. The total amount received during the 

past year to the credit of the land fund was not the equivalent of one- 
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fifth of the interest on the mortgage, thereby making it necessary to 
look elsewhere to meet this interest charge. 

It seems to the Committee that there is an urgent necessity for 
a strong effort to reduce this mortgaged indebtedness materially 
each year until it is wiped out, and the interest money thereby is 
made available for the extension of our Society work. 

Herewith are given the detailed statements of the financial condi- 
tion of the Society, together with the reports of Peirce, Struss & 
Company, of New York, certified public accountants, who have aud- 
ited the books and accounts, and also a statement of the condition 
of the various trust funds for the fiscal year. 


Peirce, Struss & Co. 
CERTIFIED PuBLIC ACCOUNTANTS 


37 Wall Street, New York 
October 26, 1910 
Mr. ArtrHur M. Waitt, 

CHAIRMAN FINANCE COMMITTEE 
Dear Sir: 

In accordance with your instructions, we have audited the booksand accounts 
of The American Society of Mechanical Engineers for the year ended Septem- 
ber 30, 1910. 

The results of this examination are presented in three exhibits, attached 
hereto, as follows: 

Exhibit A Balance Sheet, September 30, 1910 

Exhibit B Income and Expenses for the year ended September 30, 1910. 

ExhibitC Receipts and Disbursements for year ended September 30, 1910. 

We beg to present, attached hereto, our Certificate to the aforesaid exhibits. 

Respectfully submitted, 
Perrcee, Srruss & Co. 
Certified Public Accountants 


Peirce, Struss & Co. 


bo an 37 Wall Street, New York 
23 October 26, 1910 
Mr. Artur M. Waitt, = 

SHAIRMAN FINANCE COMMITTEE 
Dear Sir: 

Having audited the books and accounts of The American Society of Mechani- 
cal Engineers for the year ended September 30, 1910, we hereby certify that 
the accompanying Balance Sheet is a truce exhibit of its financial condition 
as of September 30, 1910, and that the attached statements of Income and 
Expenses, and Cash Receipts and Disbursements are correct. 

Peirce, Struss & Co. 
Certified Public Accountants 
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KXHIBIT A 
BALANCE SHEET, SEPTEMBER 30, 1910. 
ASSETS 
Equity in Societies Building 
(25 to 33 West 39th Street) 
Equity one-third cost of land 
(25 to 33 West 39th Street) 


$533 346.62 
Library Books.... 

— 18 000.00 
New York City diana Bonds 1954 

in Bank representing Trust F 11 356.59 

42 281.5 

Stores including plates and finished publications 11 623 
Cash in Bank for general purposes................ 

Petty Cash on hand 


Accounts Receivable 
Membership dues.............. 9 554.50 
Sale of publications, advertising, ete > 360.04 
16 454.5 
Advances account of land subscription fund 9 955.2: 
Advanced payments 1829. 
Total Assets $637 352.38 


LIABILITIES 


United Engineering Society (for cost of land)..... 
Funds 
Life Membership Fund 35,151.07 
Library Development Fund.,... 902.71 
- Weeks Legacy Fund............ 957 .00 
Land Fund Subscriptions... ... 223.88 
Subscriptions to Annual Meeting...... 46.93 
231.59 
Current Accounts Payable 2 652.33 
Membership dues paid in advance 
Initiation fees paid in advance................... cai 
879.25 
Initiation fees uncollected 540.00 
\ppropriation available to complete Vol. 

Transactions 200.00 
Reserve (Initiation fees).. 27 926.97 
Surplus in property and accounts receivable. cheat 872.24 


Total Liabilities... 37 352. $637 352.38 
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EXHIBIT B 

INCOME AND EXPENSES FOR THE YEAR ENDED SEPTEMBER 30, 1910 
INCOME 


Membership dues 
Sales gross receipts 
Advertising receipts. . 
Interest and Discount 


Finance Committee Office Administration includ- 
ing Salaries $20 205.68 

Finance, United Engineering Society 
Assessments 


Membership Committee 

Increase of Membership Committee 

§House Committee 089.16 
Library Committee 491.46 
Meetings Committee 


74 Annual Meeting 


~ Spring Meeting 
yy Monthly Meetings 3 416.92 
London Meeting 2 270.23 


Publication Committee 
Advertising Section, The Journal 11 791.32 
Journal, except Advertising 18 527.88 
Year Book 


$36 001.68 
$77 385.80 
100.76 
139.06 
4 401.28 


$82 026.90 
10 649.41 


$92 676.31 


From Current Income = bi oa $i 089.16 
rve Fund 3 000.00 


= 
Mis 
| $2540.08 
| 
4 
$1010.27 
LA 
t Transactions Vol. 31............. 2 801.7! 
Research 
Thurston Memorial Committee.......... 
Gales 
*Excess of Income over Expenses........ 
*Of this amount $4200.00 ts reserved to complete Vol. 31 of Transactions, 
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EXHIBIT C 


RECEIPTS 
7 - Membership dues and initiation fees paid in 
Sales of publications, badges, advertising, etc.... 
_ Subscriptions to Land Fund...................... 
Subscriptions to Expense of Annual Meeting..... 


RECEIPTS AND DISBURSEMENTS FOR YEAR ENDED SepremBeER 30, 1910 


$49 888.25 
6 345.00 


948.00 
31 733.56 


Cash in Banks and on hand, September 30, 1909. . 


DISBURSEMENTS 


Disbursements for general purpose............... 
Interest on Mortgage on Land.................... 


Cash in Banks and on hand, September 30, 1910 


LAND FuND 


$92 059.24 
20 613.22 


94 214.14 
3 240.00 


07 454.14 
15 218.32 


RECEIPTS 
DISBURSEMENTS 
Furnishings and equipment...................... 7 671.81 
Occupancy building, moving library.............. 2 171.06 
Expenses of 386.76 
223.88 
145 191.54 


6 


$112 672.46 


Ay: 


$112 672.46 


$223.88 


= 
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Cash on hand 223.88 
To be raised 90 731.34 

90 955.22 
Amount of mortgage 81 000.00 
Advances by Society 9 955.22 


90 955.22 
Lire MemBersuie FuNnp 
Number of Life Members................... oats 
Number of Life Associates....................... 


97 Members at $15 = $1455 ‘ livedno 7 


4 per cent interest on $35,151.07 and credited to 
unappropriated revenue........................ $1 406.04 
Amount Oct. 1, 1910 35 151.07 


LIBRARY DEVELOPMENT FUND 


Weeks 


Amount Oct. 1, 1909 
Balance Oct. 1, 1910 


Expenditures 
Bronze Memorial 
Reflector bracket 
Booklet 


bee 


35 151.07 


ANNUAL MEETING SUBSCRIPTION 


Balance in the hands of the Local Committee and 
held by the Society in trust.,.,............ es 


| 


16.93 


$42 281.59 


— = 
| 
| 
| 
| 
i 
Tuurston MemoriaL Funp 
3.85 
50.00 
30.00 
32.04 


The Committee also submit herewith as called for by the By-Laws 
a detailed estimate of the probable income and expenditure of the 
Society for the ensuing fiscal year: 


EstiMaTE OF Income 1910-1911 


Sales, gross receipts 
Interest and discount 
Advertising 


or Expenses 1910-1911 


FROM 
CURRENT FROM 
INCOME RESERVE 
Finance Committee. 
Membership Committee 
Increase Membership Committee 
House Committee 
Library Committee 
Meetings Committee 


Sales Expenditure 
Reserve Fund 


$86 490 $1 900 


Respectfully submitted, 
ArTHUR M. Warrt, Chairman 


iy W. M. MarsHat 


GW, 
REPORT OF THE HOUSE COMMITTEE 


Your Committee during the year has completed the work embodied 


in the decorative scheme outlined in its last report. This included 


the tinting of the walls and the furnishing of new carpets, new 


* Advanced account meeting in England paid out of current income. 


| 
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4) 
475 
» 500 
| 
Committee on Power Tests .... 300 at 
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draperies and* new furniture in the entrance hall, Council room | 
and library. It is felt that these rooms now present an attractive, — 
quiet and dignified appearance appropriate to the home of the Society. — 

Your Committee also acquired a uniform series of photographs | 
of all the Past-Presidents, which are now hung upon the walls of the — 
library. 

Your Committee has in mind the extension of its original program — 
with a view to unifying the plan of decoration in such of the rooms 
as are open to the general public, and hopes to carry out these plans © 

- during the coming year. 

Your committee further proposes to secure photographs of the 
Honorary Members, to be framed in conformity with the photo- 
graphs of the Past-Presidents already hung upon the walls. 


Respectfully submitted, 


C. DickerMAN, Chairman) 
BERNARD V. SWENSON - House 
Francis BLossom Commit- 
Epwarp VAN WINKLE 
H. R. 


REPORT OF THE LIBRARY COMMITTEE 


No radical changes have been effected in the library organization 
during the past administration year. 

The libraries of the three Founder Societies are being operated in 
parallel, the actual library work being handled jointly by the library — 
staff and the administration of the libraries being conducted under — 
an informal Library Conference Committee consisting of the chair- 
men of the library committees of the Founder Societies. 

It is expected that more intimate relationships between the libraries 
will be established in the near future. 

It is also expected that the United Engineering Societies’ library - 
will be organized and that gifts of libraries and books may be received 
by it where they are not made a specific donation to the library of one 7 
of the Founder Societies. ; 

The number of visitors accommodated at the library showsacon- _ 
tinued increase as indicated by the following tabulations: 


¢ 
1, 


Day 


596 261 857 

. 1765 261 2026 

. 1908 1909 1910 7 

Day Night Day Night Day Night 

541 148 485 250 460 286 

439 241 533 254 416 232 

403 210 529 217 488 274 

100 196 462 221 454 279 

362 closed 472 closed 560 closed 

393 125 434 220 596 261 
re 435 200 479 223 
520 441 545 301 


5151 2080 5901 2402 4493 1827 


Membership cards received: 


American Institute Electrical Engineers.......................0.. 10 
American Society Mechanical Engineers.......................... eo 
American Institute Mining Engineers.................. 200 


~~ 


As an indication of the range of subjects called for by visitors to 
the library and the relative frequency of consultation, the follow- 
ing table may be of interest, covering the months of April-Septem- 
ber 1910: 

Apr. May June July Aug. Sept. 


Chemical Technology................... 4 5 + 2 3 1 
Civil Engineering....................0- 7 1 5 2 2 5 
Deseription and 1 1 1 

Electrical 2 22 6 
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Apr. May June July Aug. Sept. 

Electricity 9 1 5 5 
Engineering (General) 6 14 10 

10 24 
Hydraulic Engineering 
Mathematics 
Marine Engineering 
Mechanical Engineering............... 
Metallurgy 
Mining Engineering 
Miscellaneous 


125 216 105 


It has been felt that the appropriation available for the purchase 
of new books is inadequate to keep the library supplied with the 
latest books of reference. 

The amount expended for books and periodicals in 1908 was 
$527.76. An approximately similar amount will be expended during 
the current year and your Committee in presenting its request for 
the appropriations for next year has submitted a request that the 
appropriation under this head be increased to $1500. 

Your Cominittee has in preparation a book plate for the Society’s 
library which will be submitted for the approval of the Council of 
the Society at an early date. a 


Respectfully submitted, a 
. 

J. W. Lies, Jr., Chairman 
AMBROSE SWASEY 


Library Com- 
— & muttee 


Cuas. L. CLARKE 
ALFRED NOBLE 


REPORT OF THE COMMITTEE ON MEETINGS 


In addition to the Annual and Spring Meetings of the Society, 
18 meetings have been held, six being held in each of the cities of 
New York, Boston and St. Louis. During 1911 meetings will also 
be held in San Francisco. At a number of these meetings sister 
societies and local engineering organizations coéperated, but the 
number of meetings given does not include those of other societies 
in which we 


i, 
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Railroad Engineering................... 5 5 
, Railroad Engineering (Electrical)....... 1 7 ; 
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a It is the policy of your committee to meet weekly, excepting during 
the summer months, and including special meetings the Committee 
has practically carried out this policy during the period mentioned. 

Fifty-four papers and three topical discussions have been accepted 
and published in The Journal, all of which have been or will come 
before meetings of the Society. These include eight papers presented 
at the meetings held at Birmingham and London. 

Several cities other than New York, Boston, St. Louis and San 
l'rancisco are contemplating holding meetings, but they have not as 
yet reached a definite conclusion. 

It has been suggested that appropriations be assigned for meet- 
ings, based on the number of members accessible to a locality. For 
the present, however, your Committee believes that the Society 
should do all possible to assist the membership in different localities 
in which these meetings are being held, to the limit of the available 
funds. 

Your Committee finds that the local conditions vary at the dif- 
ferent points and therefore repeats the suggestion contained in its 
report to the Executive Committee of May 31, 1910, that after more 
extensive experience of all the local committees on meetings has been 
obtained, they, in codperation with the Committee on Meetings, for- 
mulate such rules as may be found necessary to establish uniformity 
in the conduct of all local meetings, the same to be subject to the 
approval of the Council. 

A meeting of the local members in New York was held October 31, 
1910, for the recommendation of names for a local committee, that 
New York City may be organized on the same basis as all other 
localities. It is intended that this committee, by the selection 
of some 20 assistants, shall also act as the entertainment committee 
for the Annual Meeting. 

Your Committee has felt for some time that the papers presented 
before the Society have not been sufficiently diversified. It believes 
that it has overcome this to some extent, but with the further 
object of making the Transactions of the Society a more complete 
= of mechanical engineering progress, a circular has been mailed 
to the membership calling their attention to this point, which it is 
believed will result in materially increasing the value of the Trans- 
actions of the Society as a record of engineering progress. The 
attention given the circular so far is most gratifying and the member- 
ship is to be congratulated upon the interest it has inspired. 

The rapid growth of industrial establishments has developed a 
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phase of mechanical engineering—that of economic administra- 
tion—which your Committee feels should be given the attention 
by the Society that its importance warrants. This branch of the 
profession has evolved the administrative engineer until a very large 
percentage of the profession and of our membership is now occupying 
administrative positions in industrial establishments. Your Com- 
mittee has had this question under attention for some time, but until 
recently it did not feel that the opportune time for definite action 
had arrived. 

At its meeting, October 7, 1910, it requested the endorsement by 
the Council of the appointment of a sub-committee on the Economic 
Administration of Industrial Establishments. The committee is glad 
to have the Council’s approval of its request and believes the field 
covered by this sub-committee can be made one of the greatest 
factors in our economic welfare. 

Permit the Committee again to call the Council’s attention tothe 
recommendation that it feels the best interests of the Society would 
be subserved by a closer working arrangement between the Research 
Committee and the Committee on Meetings. 

The Committee begs to thank the officers of the Society and the 
members of the office staff for the codperation and assistance it has 


received. 


Respectfully submitted, 
Wiuus E. Chairman 
Wo. H. Bryan 
L. R. Pomeroy 
Cuas. E. Lucke 
H. pe B. Parsons 


Meetings 
Committee 


REPORT OF THE MEMBERSHIP COMMITTEE 


During the current year the Membership Committee has held six 
meetings, at which the total of 337 applications for membership have 
been considered with the following results: 

Withdrawn for various causes 
Deferred indefinitely 
Recommended for membership 

Of the 306 names recommended for ballot 276 were candidates 
for new membership and 30 were candidates for promotion. The 
candidates recommended were voted for on two ballots submitted to 
the membership as follows: 
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The small number of names deferred and the fact that no objec- 
tions have been received to the names placed upon the professional 
service sheets testifies to the increasing care taken by the members 
in filling out the application blanks, and to the careful manner in 
which all cases are studied in the Secretary’s office before being sub- 
mitted to the committee. The Committee, however, would empha- 
size again that its work will be greatly facilitated and the standards 
of the Society safeguarded if members will agree to act as proposers 
and seconders of an applicant only when they can support the latter 
through personal knowledge of his work. 

The Committee desires to report that the new rules regarding the 
Junior and the Associate membership grades put into effect at the 
Spring Meeting, have operated upon the whole in a very satisfactory 
manner, and in the judgment of the Committee have placed the classes 
of membership upon a basis that makes for the best interests of the 
Society. 

The Committee would recommend that it be given authority to 
prepare a list of approved engineering schools that will be used to 
interpret the phrase “engineering schools” in clause C 11 of the 
Constitution relating to the admission of Junior members. 

Respectfully submitted, 
C. R. Ricuarps, Chairman 
GeorGE J. Foran 


Membership 
HEODORE STEBBINS 
Committee 
Francis H. SmLuMAN 
REPORT OF THE PUBLICATION COMMITTEE | 
iy 


The Committee has had to meet the constantly growing number 
and length of papers presented to the Society by the members at its 
annual and monthly meetings by a very careful elimination or 
condensation of everything which might be termed extraneous or 
superfluous in order to keep within the confines of a single volume 
of the Transactions. 

Volume 31, for 1909, just issued, contains 1069 pages and the current 
Volume 32 embracing, in addition to the Society papers the papers 
presented at the English meeting, will contain between 1500 and 
2000 pages. This would be considered the outside limit of size. 
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The largest volume heretofore printed was No. 24 for 1903 which con- 
tained 1563 pages and was thought unwieldy, and yet if the growth 
of our available matter continues at anything like its present rate, 
we will be confronted with the necessity of binding the Transactions 
in volumes of about this size. An alternative would be the omission 
of the printing of the Transactions altogether as such, thereby avoid- 
ing the duplication of 75 per cent of the reading matter of The Journal. 

This would be done by printing in The Journal previous to meet- 
ings a list only of the papers which will be read at the meeting, re- 
questing members who desire to discuss any particular paper to send 
for a copy of it. After the meeting, The Journal would publish all 
papers with all discussions and at the end of the year would supply 
binders in which all copies of The Journal may be bound. This 
volume would continue the present series of the Transactions. By 
this means the papers would be printed once only instead of twice 
and the annual saving to the Society would be approximately $5000, 
which could be applied to making the Library more accessible to 
members. 

Previous to this year, The Journal has been published monthly, 
except in July and August when there were no issues, and in October 
and November to accommodate the additional amount of matter 
necessitated by the Annual Meeting it has appeared semi-monthly. 
This year, however, the arrangement has been changed so as to have 
it appear monthly throughout the year. 

The gross and net cost of issuing the Society publications is given 
in the following tables for each of the past five fiscal years ending 
September 30. 


EXPENDITURES 


1906-1907 1907-1908 1908-1909 1909-1910 1910-1911 
History $ 95.06 43.65 
Revised papers........ 182.56 523.93 131.96 300 
Year Book and Pocket 
3 000.89 2 748.73 3 200 
6 5383.87 7 001.79* 8 600 
20 160.86 30 319.20 25 800 


30 263.20 40 201.68f 37 900 


INCOME 
11 997.50 24 227.26 25 500 


Appropriations........ 22 120.53 17 425.77 18 265.70 15 974.42 12 400 


* Approximate. 
t Estimated. 
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It will be seen that the net cost to the Society is gradually being 
lessened; the slight increase for 1908-1909 being due to the change in 
the issue of both the Year Book and the Pocket List to a combina- 
tion of the two in one. 

There has never been a complete cross-reference index of the 
Transactions, and there has been for a long time a crying need for 
one. Recently the Library Committee has had in mind the indexing 
of the Transactions of all the societies and it will be necessary to 
carry out a complete indexing of our Transactions in this connection. 
The Committee is now in conference with the Library Committee on 
the best method of coéperation in this work. 

Respectfully submitted, 


REPORT 


THE 


Geo. I. 


Rockwoop 


D. 8. Jacosus, Chairman ) 
H. F. J. Porter 
Publication 
Frep R. Low 
Committee 
= 


Gro. M. Basrorp 


RESEARCH COMMITTEE 


> 


The last formal meeting of the Research Committee was held 
At that meeting it was agreed that it would be 
unwise for the Committee to enter at once upon the investigation of 
It was agreed that as a preliminary to actual 
work there should be on file in the office of the Secretary, a complete 
list of the college, commercial and other laboratories of the country, 
the organization of which might permit them to do work in line with 


December 10, 1909. 


problems of research. 


the purposes of our Society. 


In addition to the name and the loca- 


tion of the laboratory, it was proposed to have the name and address 
of its director and a statement concerning the extent of its staff and 
equipment, also a list of the subjects which have been investigated 
and a reference as to where the reports thereof may be found, a 
statement of the problems now under investigation, and a statement 
of the field of engineering for which the laboratories are especially 


equipped. 


The circulars which have been sent out have been worded 


so as to make it clear that the Committee does not wish to intrude 
itself upon the activities of any laboratory, but that the inquiry 
grows out of a desire on the part of the representatives of a national 
organization to know how thoroughly the field is now covered. 
The responsibility for sending out these circulars and for tabulating 


the information obtained was left with the Secretary of the Society. 
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It is the understanding of your Committee that the work of gather- 
ing this information is now practically complete, and that there is on 
record in the Secretary’s office all information along this line. 

It was also agreed that the Committee might properly undertake a 
research concerning the performance of safety valves, and a circular 
has been issued designed to develop the most important facts which 
should be determined concerning the action of such valves. These 
were sent to 68 safety-valve manufacturers, to 125 railroads of 100 
miles or over, and to three large boiler manufacturers. Forty-one 
replies have been received. Eighteen have no information regarding 
pop safety valves. Nine of the replies are of especial interest and 
have been abstracted as follows: 


The Consolidated Safety Valve Company refers to Mr. Philip Darling’s paper 
before the Society in 1909 and to experiments of Professor Miller of the Massa- 
chusetts Institute of Technology. They favor a high lift for steam passage. 
As to the rating of the various sizes they favor the continuation and duplica- 
tion of the Darling and Miller tests. Nickel bronze is favored for valve seats 
and copper bronze with 10 per cent tin for valves. To maintain efficiency 
they favor keeping the exhaust steam away from the spring, and exposure to 
air currents for cooling. They consider the aperture has little effect on the 
capacity but is an important element of the lift. They suggest experiments 

to develop the effect of temperature and of steady loads and rapidly varying 
loads, on springs, also astudy of the various rules governing sizes and design of 
various supervising authorities with the aim of developing a safe and uniform 
rule, applicable to all sizes. They suggest that many common faults of safety 
valves be made the subject of reports in boiler inspection service. Railroads 
which have a system of report covering engine failures might also outline the 
most common troubles with safety valves. 

The Ashton Valve Company refers to the tests of Professor Miller, of the 
Massachusetts Institute of Technology. They favor the low lift from a practical 
standpoint with 30 years experience. They suggest tests determining a proper 
rating of safety-valve boiler based on the capacity of relief that the valve 
should give. They favor high grade composition of bronze metal made of 
copper and tin about 8 to l. Regarding efficiency they make outside spring 
valve with spring free from steam exposure for use where steam temperature 
is over 400 deg. fahr. As to aperture bevel seat valves 45 deg. angle give best 
results. Regarding additional facts they express the opinion that it will be 
difficult to establish a rule adaptable to both stationary and locomotive boilers 
and they discuss this point at length. 

Crane Company know of no reliable data regarding discharge but refer to 
A. J. Hewling’s discussion, in The Journal, Am. Soc. M. E., June 1909. They 
are willing to submit valves and take part in public tests in order that reliable 
data may behad. They favor high grade composition of valve and valve seats 
and state that they have no experience of springslosing temper. Facts about 
the effect of the shape of the apertures have led them to adopt a cushion 
disc and spring which allows the highest lift practicable. As to tests they 
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suggest that the committee provide accommodations where safety valves 
may be tested under the same conditions and under most careful observation. 

The Lunkenheimer Company do not know of any accurate data other than man- 
ufacturers’ tests. They favora lift of ¥y in. to & in. They suggest time tests 
to determine the efficiency and lift of valves with various lifts under a wide 
range of actual service conditions and pressures. They favor nickel bronze 
composition, high percentage of nickel for the seat and a high grade steam metal 
for the disc. The outside spring type of valve is used to avoid undue heat 
and to maintain the efficiency. As to the shape of the aperture, they suggest 
six points to beconsidered. For research they suggest the evolution of asimple 
and practical rule for determining sizes based on a moderate constant lift. 

Crosby Steam Gage and Valve Company have submitted a reply of some thirty 
pages accompanied by illustrations and catalogues. For data they refer to 
the Annual Report of the U. 8S. Steamboat Inspectors, 1877; thesis of Bardsley 
and Miller, Case School of Applied Science, 1906, data of tests referred to in 
Steam Boilers by Professor Peabody, p. 240; and tests now being made at 
Massachusetts Institute of Technology, 1910. Regarding the lift in safety 
valves they cite the experience of manufacturers’ measurements at factories 
and in actual service; measurements made at the Massachusetts Institute of 
Technology, 1909. They suggest fixing standard or limits of lift, to insure 
durability of valves; measuring discharge of various designs of valves at same 
fixed lifts; reporting minimum lift and discharge which have been ample in 
past; and defining characteristics of operation most desirable in safety valves. 
They favor bronze composition, high percentage of tin, low in zine and lead; 
nickel composition not to be endorsed. Exposing springs outside of valve 
body involves friction; encasing spring in inner chamber involves sticking; 
long spindles, large valve casings, well drained spring chambers essential with- 
out sliding contacts. Regarding open shape of aperture, see tests of Massa- 
chusetts Institute of Technology in “Steam Boilers’? by Professor Peabody; 
also tests in progress at Massachusetts Institute of Technology, 1910; also 
Kent’s Pocketbook, p. 724. For research they suggest verbal explanation in 
detail of essential characteristics of design of each valve as made; of the 
general principles involved, and defense of engineering reasons, advantages 
and objections governing each detail; in other words, the engineering ‘‘ confes- 
sion of faith’’ of each manufacturer and his own exegesis of each article of it. 

Rock Island Lines: W. A. Nettleton knows of no boiler being blown up be- 
cause the safety valve fails to properly relieve. Statistics of Mr. Curtis of 
the Master Mechanics Association Committee indicate very few boilers explode 
from over pressure, the majority explode from low water, due generally to 
carelessness. This applies to locomotive service in which the boiler is very 
closely watched. As to the durability, a number of small valves are preferable 
to a very large one. He is skeptical regarding the tendency towards a higher 
lift. He has had no experience as to temper of the spring and steam. He 
assumes the spring loses elasticity because of repeated strains. 

Canadian Pacific Railway Company: Mr. Vaughan, Vice-President, con- 
siders it desirable to investigate for flat seats and V-shaped seats the amount 
of steam flowing per hour with different heights of lift, the height to which 
valves now in use lift with given increments of pressure, the effect of various 


4, 
7 
6 
* 


SOCIETY AFFATRS 


and the muffler; so as to obtain data on which to base a specification providing 
that a given diameter should have a lift of not less than a certain amount 
with a given increment of pressure between the seat of the valve, that there 
should be not more than acertain amount of pressure between the seat and the 
muffling device, that the areathrough the muffling device should bear a certain 
proportion to the area of the valve. 

Babcock and Wilcox Company: Mr. F. A. Scheffler refers to the formula 
on p. 9, 1910 catalogue of the Consolidated Safety Valve Company, based on 
valves having 45 deg. beveled seat and actual evaporation tests. He states 
that complete data can be obtained from this company and also from the Naval 
Experimental Station, Annapolis, Md. He favors composition seats having 
at least 25 per cent nickel. Regarding deterioration, he states that a well- 
designed spring of good quality spring steel should not lose temper under sat- 
urated steam, and that an exposed spring design should be used under super- 
heated steam. Very complete information has been published by the Con- 
solidated Safety Valve Company in their book entitled Safety Valve Capacity. 

Heine Safety Boiler Company: Col. E. D. Meier writes that experimental 
data are mainly in the possession of various firms and companies which manu- 
facture high class valves, and cites the Consolidated Company, the Ashcroft 
Company and the Ashton Company, who have recently installed a boiler 
suitable for 400 lb. pressure for continuing such experiments. He states that 
the rules promulgated by various officials and societies seem to be based on 
experiments made at lower pressure than current practice. These rules may 
be deficient because action of metals under higher stresses and higher tempera- 
ture will be different than in the early experiments. Mr. Geo. H. Musgrave 
has had some experience as a pioneer and is an enthusiast on the subject. There 
is great need of experimental work and the only safe way for a scientific settle- 
ment of these questions would be tests on entirely neutral grounds, i.e., in the 
laboratory of some well equipped mechanical engineering school of high repute. 
His company has to conform to three different rules: the regulations of the 

-Boerd of Supervising Inspectors of Steam Vessels; the Philadelphia Boiler 
Law; the Boiler Rules of Massachusetts. They give different dimensions so 
designers are guided by the locality where the boiler is to be operated. An 
important question is the limit in size, that is, when it becomes necessary to 
put two or even three safety valves on a boiler in place of one. The amount 
ol lift has a bearing on this. 


soit may be deduced from the above correspondence that what is 
needed in determining a method of rating valves is not so much 
_ research as it is standardization of practice, defined by recommenda- 

- tions having the weight of the Society behind them. For example, 
the testimony seems to show that valves having low lift and high 
lift are operative, and that advocates of both are to be found among 

_ people well qualified to pass opinions on the operation of valves in 
service. It may be that lift is a factor which, while hitherto regarded 

as of importance, may be neglected, and that its effect will be entirely 
absorbed in any arrangement which will secure a rating of valves in 
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accordance with their eens capacity. This and other general 
questions which have been developed by its inquiry will be considered 
at a formal meeting of the Committee to be held at the time of the 
next Annual Meeting of the Society, at which time it should be possible 
to take the next step in the development of the Committee’s work. 


Respectfully submitted, 


 W. F. M. Goss, Chairman 


R. C. CARPENTER R , 
R. H. Rice _ivesearc 


Committee 


D. MersHon 
Jas. CHRISTIE 
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MEETINGS JANUARY JUNE © 
NEW YORK MEETING, JANUARY 11 


A meeting of the Society held in New York on January 11 was 
devoted to a discussion on Lubrication. C. F. Mabery, Professor 
of Chemistry at the Case School of Applied Science, Cleveland, pre- 
sented a paper on Lubrication and Lubricants, dealing largely with 
laboratory tests in the performance of which Dr. Mabery has been 
signally successful and from which he has deduced interesting results 
both with oils alone, and with oil and graphite and water and 
graphite. 

Following Dr. Mabery’s address, a paper by F. H. Sibley upon 
Efficiency Tests of Lubricating Oils, was read by Charles E. Lucke. 
The discussion was opened by P. H. Conradson, chief chemist of the 

jalena-Signal Oil Company, Franklin, Pa., who sought to show the 
extent to which laboratory practice might be expected to have a bear- 
ing on the performance of lubricants in actual practice and explained 
7 certain practical considerations that must be taken into account in 
the lubrication of different types of machinery. Others who contri- 
buted to the discussion were William M. Davis, Henry Souther, 
F. R. Low, D. 8. Jacobus, C. A. Hague and George A. Orrok. 
BOSTON MEETING, JANUARY 31 


A meeting of the Society held in Boston on January 31 took the 
form of a dinner, given in honor of the presidents of The American 
Society of Mechanical Engineers, the Boston Society of Civil Engi- 
neers, and the Boston Section of the American Institute of Electrical 
Engineers, George Westinghouse, George B. Francis and L. B. Still- 
well; also to John A. Bensel, president of the American Society of Civil 
Engineers, and other distinguished guests. While the attendance | 
was mainly from Boston and vicinity, there was a large representa- 
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tion from New York and a considerable number from other cities. 
The meeting emphasized in an unmistakable way the cordial rela- 
tions existing between the different branches of the profession and 
the earnest desire for codéperation. 

Following the dinner, C. B. Edwards, chief engineer of the Fore 
River Shipbuilding Company, gave a talk, illustrated by lantern 
slides, on The Main and Auxiliary Machinery of the Battleship North 
Dakota. This is the new “Dreadnaught” of the U. 8. Navy, turbine 
driven of 20,000 tons capacity. Photographs were thrown on the 
screen of the ship under trial, of the machinery after installation, and 
many detail drawings were shown of the arrangement of the boilers, 
machinery and piping. 

After the presentation and discussion of a plan for erecting an engi- 
neering building and clubhouse in Boston, the principal speaker of 
the evening, George Westinghouse, was introduced. 

Mr. Westinghouse dwelt especially on the necessity of combined 
influence and of the power which the engineering societies had to 
better conditions by showing, from their knowledge and experience, 
that unregulated competition and rivalry in business have made ideal 
practice in industrial engineering most difficult of realization. In 
illustration, he spoke of the electrical industry, in which with the 
single exception of uniform bases for incandescent lamps there were 
practically no standards. In consequence, many millions of dollars 
had been added to investment already made in installations of elec- 
trical machinery, through lack of standardization of motors and other 
important parts. By codperation in the development of apparatus, 
by the use of the same designs and by the exchange of engineering 
and manufacturing particulars, he believed the very best of all kinds 
of electrical machinery could be evolved and that the products of the 
companies could be made interchangeable, not only to the advantage 
of the consumers but to the companies themselves. He advocated 
further the establishment of a bureau of standardization which should 
undertake the reform of such existing practice. 

NEW YORK MEETING, FEBRUARY 8 


At a meeting of the Society in New York on February 8, a 
bronze memorial tablet erected in the rooms of the Society to 
Robert Henry Thurston, its first President, was formally dedicated. 
An account of the meeting appears elsewhere in this volume of 
Transactions. 
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BOSTON MEETING, FEBRUARY 16 - © 


A meeting of the Society in coéperation with the Boston Section — 
of the American Institute of Electrical Engineers and the Boston 7 
Society of Civil Engineers was held on February 16 in Boston. An 
informal dinner preceded the meeting. David B. Rushmore, Mem. 
-Am.Soc.M.E., chairman of the Industrial Power Committee of the 
Institute, presided during the presentation of the following papers: 
The Applicability of Electrical Power to Industria! Establishments, — 
by Dugald C. Jackson, Mem.Am.Soc.M.E.; Central Stations vs. 
Isolated Plants for Textile Mills, by Charles T. Main, Mem.Am.Soc. 
M.E.; The Supply of Electrical Power for Industrial Establishments 
from Central Stations, by R. 8. Hale, Mem.Am.Soc.M.E.; [llumina- 
tion for Industrial Plants, by G. H. Stickney; The Requirements for — 
an Induction Motor From the User’s Point of View, by Walter S. Nye. 
A discussion followed, principally upon the paper by Mr. Main. These © 
papers were published in the Proceedings of the American Institute 
_ of Electrical Engineers, for February 1910. 


_- * 
NEW YORK MEETING, MARCH 8 | 


At a meeting of the Society in New York on March 8, in which the — 
- American Institute of Electrical Engineers coéperated, a paper by H.G. 
Stott, Mem.Am.Soc.M.E., and R. J. 8. Pigott, on tests on the 15,000- 
kw. stenm-engine-varbine unit located in the 59th Street Station of 
the Interborough Rapid Transit Company of New York, was con- 
sidered. After the presentation by Mr. Stott of the main facts re- 
garding these tests and the installation of the low-pressure turbine 
on which the tests were made, Mr. Pigott gave an account of the 
methods used, illustrating his talk with lantern slides. 

The paper was discussed by C. P. Steinmetz, Max Rotter, O. Jung- 
gren, E. D. Dreyfus, G. R. Parker, F. Samuelson, John W. Lieb, Jr., 
D. 8S. Jacobus, H. H. Barnes, M. B. Carroll, W. L. R. Emmett, Wm. 
Robinson, B. R. Shover and C. O. Mailloux. «7 


BOSTON MEETING, MARCH 11 


A meeting of the Society was held in Boston, March 11, in. 
which the Boston Section of the American Institute of Elec-— 
trical Engineers and the Boston Society of Civil Engineers coépe-— 
rated. Magnus W. Alexander, Mem.Am.Soc.M.E., presented his — 
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: paper, on The Training of Men, a Necessary Part of a Modern 
Factory System, briefly outlining the educational policy of the 
General Electric Company at Lynn, Mass., where a systematic 
training is provided, suitable to all classes of people. This was dis- 

cussed by Henry E. Rhoades, Chas. F. Park, R. H. Smith, Ira N. 

Hollis, Gardner C. Anthony, Peter Schwamb, Luther D. Burlingame, 

G. C. Ewing, 8S. Fred Smith, H. 8. Knowlton, Edward F. Miller and 

Dickerson G. Baker. 


im. 


ST. LOUIS MEETING, MARCH 12 


At a meeting of the Society with the Engineers Club of St. Louis, 
on March 12, in St. Louis, Flywheels was made the subject of a topi- 
cal discussion. C. H. Benjamin, Mem.Am.Soc.M.E., opened the 
discussion with a review of the recent developments in testing fly- 
wheels, with an account of the latest apparatus and testing pit for 
this purpose at Purdue University. He was followed by G. M. Peek, 
J. D. McPherson, EH. A. Ferguson and H. Wade Hibbard. Jesse 
M. Smith, Past-President, E. D. Meier, Vice-President, and Calvin 
W. Rice, Secretary, represented the Council of the Society at the 
meeting. An informal dinner preceded the professional session. 


ST. LOUIS MEETING, APRIL 


A meeting of the Society was held in St. Louis, April 9, the St. 
Louis Section of the American Institute of Electrical Engineers and 
the Engineers Club of St. Louis coéperating. A symposium on the 
Electric Drive in the Machine Shop was presented, to which three 
papers were contributed by the Society: The Economy of the Elec- 
tric Drive, by A. L. DeLeeuw, Mem.Am.Soc.M.E.; Economical 
Features of Electric Motor Applications, by Charles Robbins, Assoc. 
A.I.E.E., of the Westinghouse Electric and Manufacturing Com- 
pany; Mechanical Features of Electric Driving, by John Riddell, 
Mem.Am.Soc.M.E. A paper, Selection and Methods of Application 
of Motors and Controllers, by Charles Fair, Mem.A.I.E.E., of the 
General Electric Company, was contributed by the American Insti- 
tute of Electrical Engineers. The papers were discussed by M. L. Hol- 
man, W. F. M. Goss, E. R. Fish, A. H. Timmerman, P. A. Morse, 
H. H. Humphrey, O. Stephensen, A. S. Langsdorf, Wm. H. Bryan 
and H. Wade Hibbard. 
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NEW YORK MEETING, APRIL12 — 


A meeting of the Society in New York was held on April 12, the 7 
American Institute of Electrical Engineers codperating. The 
was the Electric Drive in the Machine Shop, with the same four 
papers that were presented at the meeting in St. Louis. The eco- 
nomic side of the subject was very fully discussed by representatives 
of the machine tool industry and other users of motors as well as by 7 
the motor manufacturers. Fred. L. Eberhardt, Mem.Am.Soc.M.E., — 
Vice-President of the National Machine Tool Builders Association, 
spoke officially for his organization of their efforts, with the American 7 
Association of Electric Motor Manufacturers, for the securing al 
standards for motor equipment. A. L. DeLeeuw, Mem.Am8ce. 
M.E., a member of the committee of the National Machine Tool — 
suilders Association to consider this subject, followed with a detailed 
account of the efforts at standardization to date, in which he said — 
fifteen points had been raised for discussion and that seven of them 
had been considered by the joint committee thus far, among them ; 
being the subjects of horsepower, voltages, speeds and ratings. 
The papers were also discussed by Henry Hess, L. R. Pomeroy, 
Gano Dunn, Charles Day, M. 8S. Rogers, Carl G. Barth and H. A. 
Horner. 


BOSTON MEETING, APRIL 27 


At a meeting of the Society in Boston, April 27, in which the Bos- 
ton Section of the American Institute of Electrical Engineers and the 
Boston Society of Civil Engineers codperated, a paper on The Test- 
ing of Water Wheels after Installation, by C. M. Allen, Mem.Am. 
Soc.M.E., was presented by the author, who illustrated it with 
lantern slides. R. A. Hale, John C. Parker, Dwight Porter, George 
E. Russell, H. K. Barrows, Henry D. Jackson, and Henry C. Dag- 
gett, discussed the paper. 


ST. LOUIS MEETING, MAY 28 


A meeting of the Society with the Engineers Club of St. Louis was — 
held on May 28, in St. Louis. Edw. C. Schmidt, Mem.Am.Soc.M.E., | 
presented his paper on Freight Train Resistance; its Relation to — 
Average Car Weight, which was also given at the Spring Meeting — 
of the Society. Through the courtesy of the University of Llinois, 
the Illinois Central Railroad and the Terminal Railroad Association. 
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the railway test car by which the data in the paper was obtained, 
was brought to St. Louis for the meeting and was open for inspection 
between two and five o’clock Saturday afternoon in the Eighteenth 
Street Yard of the Terminal Association. This car is equipped with 
all the apparatus necessary for carrying on train resistance experi- 
ments, as well as with auxiliary apparatus which facilitates the 
making of locomotive road tests, and during the tests the apparatus 
within the car makes autographically, upon a chart 36 inches wide, a 
record of drawbar pull, speed, time, air brake cylinder pressure, wind 
velocity and wind direction. 

The paper was discussed by Robert Moore, F. B. Fisher, H. Wade 
Hibbard, F. W. Marquis, J. P. Clayton, Walter E. Bryan and Mr. 
Waterman. 


; BOSTON MEETING, JUNE 1 


A meeting of the Society with the Boston Section of the American 
Institute of Electrical Engineers and the Boston Society of Civil 
Engineers, was held in Boston on June 1. A dinner to Lewis B. Still- 
well, President of the American Institute of Electrical Engineers, 
preceded the meeting at which many prominent in engineering circles 
in New England were present. 

At the general meeting which followed, President Stillwell made an 
address on the Conservation of our Natural Resources, special con- 
sideration being given to the subjects of water power and forestry. 
An extended discussion of the paper followed in which Geo. F. Swain, 
C. T. Main, Henry F. Bryant t and A. E. Ke nnelly took part. 
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SPRING MEETING, ATLANTIC CITY, N. J. 

The 60th meeting of the Society was held at Atlantic City, N. J., 
May 31-—June 3, 1910, at the Marlborough-Blenheim, with an attend- — 
ance of 135 members and 119 guests. The Committee on Meetings | 
had arranged a strong professional program and the Local Committee, | 
under the Chairmanship of James M. Dodge, contributed in various 
ways to the pleasure of the members and their guests. 


PROGRAM 
; 


OPENING SESSION 
Puesday Afternoon and Evening, May 31 
Informal reunion of members in the parlors of the Marlborough- _ 


Blenheim. 
Are SECOND SESSION 


Wednesday Morning, June 1 


Business Meeting: Reports of committees, tellers of election; new — 
business. 
Tue SHOcKLEss JARRING Wilfred Lewis. 


Discussed by A. E. Outerbridge, E. H. Mumford and F.W. Taylor. 7 


A ComPaRISON OF LATHE CHARACTERISTICS, Walter 
Rautenstrauch. 

Discussed by Carl G. Barth, F. W. Taylor, Oberlin Smith and John Fritz. 

THe STRENGTH OF PUNCH AND RivETER FRAMES MADE or Cast 
Iron, A. L. Jenkins. 

Discussed by James Christie, Walter Rautenstrauch, F. I. Ellis, Henry 
Hess, Oberlin Smith, Wilfred Lewis, J. 8. Myers, 8S. A. Moss, George Westing- 
house, John Fritz and FE. D. Meier. 


FINISHING STAYBOLTS AND STRAIGHT AND TAPER BOLTS FOR > 


a 


Locomorivrs, C. K. Lassiter. 


Unassigned in order to give opportunity for sight-seeing. . 


av 
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Wednesday Evening 


_ Entertainmen on the steel pier. 


THIRD SESSION 
Thursday Morning, June 2 


THE MercHANICAL ENGINEER AND THE TEXTILE INpustRY, H. L. 
Gantt. 
Tue Exvastic Limit or MANGANESE AND OTHER BRONZES, J. A. 
Capp. 
Discussed by S. A. Moss, F.W. Deanand E.A.Uehling, 


Hyprostatic Cuorp, R. D. Johnson. 
RgsISTANCE OF FREIGHT Trarns, Edw. C. Schmidt. 
Discussed by T. 8. Bailey, Wm. T. Raymond, 8. A. Moss, F. W. Dean, H. G. 
Stott, G. N. Van Derhoef, H. R. Cobleigh, Wm. H. Bryan, F. J. Cole, W. F. 


M. Goss and J. B. Blood. i 
FOURTH SESSION 


Gas Power SEcTION 
Business meeting and Reports of Committees. 


A REGENERATOR CycLE For Gas Enainges Usine Sus-ADIABATIC 
Expansion, A. J. Frith. * 
Discussed by S. A. Moss, Wm. T. Magruder and Charles Whiting Baker. 


Gas ror Drivinag ALTERNATING-CURRENT GENERATORS, 
H. G. Reist. 


ProposeD Units oF Power, Wm. T. Magruder. 
_ Discussed by Wm. Kent, H. G. Stott, J. C. Parker and E. D. Dreyfus. J 

Some OPERATING EXPERIENCES WITH A BLAST FuRNACE GAS 
Power Puant, H. J. Freyn. 


Discussed by A. E. Maccoun, Jos. Morgan, W. E. Snyder, H. G. Stott, E. A. 
Uehling, S. K. Varnes, H. G. H. Tarr, Edw. Rathbun, Jesse M. Smith and 
Charles Whiting Baker. 


Thursday Evening 


Reception, followed by conferring of Honorary Membership on 
Rear-Admiral George W. Melville, U.S. N., Ret., and a brief address 
by Admiral Melville. Dancing and refreshments. 
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= PTH SESSION 
Friday Morning, June 3 


LinesHarr Hanaers, Henry Hess. 


Discussed by F. B. Gilbreth, H. J. Smith, F. W. Dean, J. Sellers Bancroft, 
C.J. Jackson, H. R. Cobleigh, Harrington Emerson and G. N. Van Derhoef. 


EXPERIMENTAL ANALYSIS OF A FRICTION CLUTCH CouPLING, Wm. 
T. Magruder. 

Discussed by H. J. Smith, G. N. Van Derhoef, FE. P. Haines and Oberlin 
Smith. 


An Improvep ABSORPTION DyNAmMometer, ©. M. Garland. 
Discussed by C. M. Allen. 


CriTICAL SPEED CALCULATION, S. H. Weaver. Py 


by Henry Hess, S. A.Moss and M. Nusim. ea 


COMMITTEES OF THE SPRING MEETING 


e+ the 

James M. Dopae, 
J. SELLERS BANCROFT E. P. Haines Jonn C, PARKER 
JouN BIRKINBINE Rosert E. F. R. PLEASONTON 
J. C. Brooxs James T. HALsEy A. H. 
Wo. C. BuRNHAM Henry T. F. Saurer 
Harry W. CHAMPION Epwarp I. H. Howe. Ortro W. ScHaum 
JAMES CHRISTIE Artuur C. JACKSON CoLEeMAN SELLERS, Jr. 
WALTON CLARK ell WILLIAM C. KERR OBERLIN SMITH 
Morris L. WitFrrep Lewis H. W. SPANGLER 
CHARLES Day EK. P. Lincu A. A. STEVENSON 
J. J. DEKINDER Cuas. LONGSTRETH Frep. W. TaYLoR 
DopGE Tuomas C. McBripE Geo. E. Trrcoms 
Francis H. Eassy Cras. J. A. C. L. pETRAMPE 
EXLERS D. T. MacLrop Wma. S. Twintna 
Tueo. N. EpGcar MARBURG  -Haroip Van Duzer 
Tuomas M, EyNon Geo. W. MELVILLE Van GILDER 
Sranuey G. Fuace, Jk. Epwin A. Moore R. Wesstrer 
Joun Fritz Henry G. Morris bal TILDEN WHITE 


~Watrer Woop 
J. E. ZimmerMaAn 


Joun 8. MUCKLE 


< 


Harris R. GREENE 
G. T. 
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EXECUTIVE COMMITTEE 


James M. Chairman 
J. SELLCERS BANCROFT ArTHUR C. JACKSON 


Henry Hess Henry G. Morris 
OBERLIN SMITH 


FINANCE COMMITTEE 
J. SELLERS BANCROFT Wm. 8S. TWINING 


OBERLIN SMITH Woop 
on RECEPTION COMMITTEE 


Tuesday Evening 


Henry G. Morris, Chairman 
Wan. R. Conrap P. HAINES 
KERN DopGE T. F. SALTER 
J. A. C. L. peTRAMPE 


Wednesday Afternoon and Evening 

war C. McBring, Chairman 
THos. EyNON JOHN 8S. Muckie 
James T. Hausry C. PARKER 


Wm. R. WEBSTER 


Mrs. Day, Chairman 
Mrs. J. SELLERS BANCROFT Mrs. Cuas. LONGSTRETH 
Mrs. JoHN BIRKINBINE Mrs. Taos. C. McBuipe 
Mrs. Morris L. Cooke Mrs. Henry G. Morris 
Mrs. J. J. pEKINDER Mrs. Joun 8S. 
Mrs. James M. DopGE Mrs. OBERLIN SMITH 
Mrs. Kern Mrs. I’. W. TayLor 
Mrs. THomas M. Eynon Mrs. Geo. E. Trrcoms 
Mrs. Henry Hess Mrs. Wo. 8. TWINING 
Mrs. A. C. JACKSON Mrs. JAMES Woop 


= 
“Bae ACCOUNT OF THE MEETING 


In place of the usual reception, the Spring Meeting at Atlantic 
City opened on Tuesday evening, May 31, with an informal reunion 
of members and guests in the parlors of the Marlborough-Blenheim, 
the Convention headquarters. Henry G. Morris, Chairman, Wm. 
R. Conrad, Kern Dodge, Edward P. Harris, T. Salter, and J. A.C. L 
deTrampe, made up thecommittee in charge. Throughout the whole. 
Convention an air of informality and freedom pervaded, permitting 
the renewal of friendships and the forming of acquaintances without 
the necessity for attending set functions and without the sense of 
being formally entertained. 
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Bustngss AND PROFESSIONAL MEETING WEDNESDAY 


JuNEL 


The meeting of Wednesday morning was called to order at ten 
o'clock by President Westinghouse. The report of the tellers of elec- 
tion was received and the names presented duly declared elected to 
_ membership in the Society. This list appears in the Annual Report 
of the Council published elsewhere in this volume. 
The following amendments to the Constitution were proposed by 
the Tellers on Amendment to the Constitution, and adopted by the 
meeting: 


C 10 An Associate shall be thirty years of age or over. He must have 
been so connected with some branch of engineering or science, or the arts, or 
industries, that the Council will consider him qualified to coéperate with en- 
_gineers in the advancement of professional knowledge. 

C 11 A Junior shall be twenty-one years of age or over. He must have had 
such engineering experience as will enable him to fill a responsible subordinate 
position in engineering work, or he must be a graduate of an engineering school. 
_A person who is over thirty years of age shall not be eligible to membership in 

- the Society as a Junior. 

© 45 The Standing Committees of the Society to be appointed by the Presi- 
_ dent shall be: Finance Committee, Committee on Meetings, Publication 
- Committee, Membership Committee, Library Committee, House Committee, 
~ Research Committee, Public Relations Committee. 


Following this there was a discussion on a proposed Bill for Licens- 
ing Engineers, introduced in the recent session of the New York 
Legislature. In explanation, Charles Whiting Baker, chairman of a 
committee appointed by the Council to investigate the subject, ex- 
plained that the bill had called for the licensing of all grades of 
civil engineers, but that afterwards it was extended to all branches 
of engineering, requiring engineers to pass an examination and pay 
a license fee of $25 for the privilege of practicing in their profession. 
The Board of Regents would have authority to appoint a special board 
of examiners before which every engineer desiring to practice would 
have to pass an examination. The engineering colleges of New York 
would be under the control of the same Board of Regents. 

It was felt that the passage of such a bill would be injurious and © 
a number of prominent engineers appeared at Albany in opposition 
and owing to their representations the bill was withdrawn by its 
promoter, with the understanding that it would be amended and ~ 
offered at a later time. 
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The special committee appointed by the Council had met and 
adopted resolutions upon the subject of the pending bill, substantially 
as follows: 


That it is the sense of this committee that legislation affecting the privileges 
and status of engineers can be most wisely originated by conference between 
legislators and representatives of the national engineering societies, and that 
the attention of legislators proposing legislation be invited to this procedure as 
natural and regular. 

To request the Council of the Society to communicate with the Commit- 
tee on Education to request the State Assembly that further action on this 
bill be postponed until after the Spring Meeting of The American Society of 
Mechanical Engineers, to be held in Atlantic City, May 31-June 3, at which 
meeting the subject will receive discussion. . 

To request the Secretary of the Society to confer with his colleagues, sec- 
retaries of the foreign technical societies, and seek to obtain as much informa- 
tion as possible in regard to the necessity of the possession of certificates of 
competency, or other forms of license. 


At a meeting of the Council just held at Atlantie City, a new Com- 
mittee of Public Relations was authorized, one of the duties of which 
will be to act on any further legislation affecting the interests of 
members of the engineering profession. The movement for licensing 
engineers is bound to come up repeatedly in the legislatures of the 


various states and this Society should be prepared to take whatever 
action may be necessary to protect the interests of the profession as 
a whole from unwise and injurious legislation. This discussion 
ended the business meeting and the remaining time was devoted 
to the professional session. 

There were four papers presented on the subject of Machine Con- 
struction and Operation. The first, The Shockless Jarring Machine, 
by Wilfred Lewis, dealt with a new type of jarring machine in which 
the shock heretofore transmitted to the ground is absorbed as effec- 
tive work by the machine itself, saving substantially all ramming 
time and opening the way to other economies. The paper was 
discussed by A. E. Outerbridge, E. H. Mumford and F. W. Taylor. 

Walter Rautenstrauch followed with his paper on A Comparison 
of Lathe Headstock Characteristics, concerned with the determina- 
tion of the adaptability of a number of engine lathes to the eco- 
nomic performance of a standard task, that of taking a predeter- 
mined area of cut on all diameters of work of mild and soft steel 
pieces, with high-heat steels, and showed the attempts of different 
manufacturers to meet the conditions favorable to these steels. 
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Carl G. Barth, F. W. Taylor, Oberlin Smith and John Fritz discussed 
the paper. 
The paper by A. L. Jenkins, on The Strength of Punch and Riveter 


the important theories proposed for the analysis of stresses in straight a 
cast-iron beams and presenting data on tests with small castings — 
similar in shape to punch frames which showed a failure to verify any — 
formula. The discussors were James Christie, Walter Rautenstrauch, — 
_ F. I. Ellis, Henry Hess, Oberlin Smith, Wilfred Lewis, J. 8. Myers, | 
5S. A. Moss, George Westinghouse, John Fritz and E. D. Meier. 
The fourth paper was upon Finishing Staybolts and Straight and 
Taper Bolts for Locomotives, by C. K. Lassiter, of Richmond, Va., 
and showed the advantage, in finishing staybolts, of automatically 
reducing in the center during the threading operations. Turning 
and facing the under head of straight and taper bolts were also 
treated. This paper was presented by E. D. Meier, who added a 


WEDNESDAY AFTERNOON AND EVENING 


Wednesday afternoon was left free for recreation, roller chairs for | 
the boardwalk being provided throughout the afternoon by the Local © 
Committee. At three o’clock a special car conveyed members and — 
guests to the grounds of the Golf Club at Pleasantville, where those — a] 
who desired went over the course. Afternoon tea was served by the | 
ladies. 

In the evening there was a large attendance at the entertainment — 
on, the steel pier for which admission had been arranged. The Com-_ 
mittee in charge consisted of Thos. C. McBride, Chairman, Thos. M. | 
Eynon, James T. Halsey, John 8. Muckle, John C. Parker and Wm. R. | 
Webster. 


Gas Power Section, Tuurspay Mornine, Jung 2 


J. R. Bibbins, Chairman of the Gas Power Section, called the : 
meeting to order at ten o’clock and a few remarks were made by Sec- _ 
retary Rice congratulating the Section on its activities. Following 
the business of the meeting, a paper on A Regenerator Cycle for Gas 
Engines using Sub-Adiabatic Expansion was presented by A. J. 
lrith, which described a new cycle of 100 per cent theoretical effi- 
ciency, caused by the expansion line being steeper than that caused by © 


free expansion, showing an avoidance of the loss of heat by water 
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cooling, which in the older regenerative cycles overbalances the 
theoretical economy. The paper was discussed by 8. A. Moss, Wm. 
T. Magruder and Charles Whiting Baker. 

The second paper was on Gas Engines for Driving Alternating- 
Current Generators, by H. G. Reist, and brought out no discussion. 
The paper dealt with the solution of the problems of obtaining the 
best parallel operation of alternating-current generators when driven 
by means of gas engines, the most satisfactory solution being so to 
design the gas engine as to obtain nearly even rotation. 

Two Proposed Units of Power, by Wm. T. Magruder, was next pre- 
sented and criticized the existing usage, proposing instead the terms 
boiler-power and gas-power, both of which were defined and described. 
Discussion was offered by Wm. Kent, H. G. Stott, J. C. Parker and 
D. Dreyfus. 

The fourth paper presented was upon Operating Experiences with 
a Blast Furnace Gas Power Plant, by H. J. Freyn, and contained a 
most complete account of elaborate tests made on the plant, extend- 
ing over a period of two years. It was dicussed by A. E. Maccoun, 
Jos. Morgan, W. E. Snyder, H. G. Stott, E. A. Uehling, S. K. 
Varnes, H. G. H. Tarr, Edw. Rathbun, Jesse M. Smith and Charles 
Whiting Baker. 


6 
6 
PROFESSIONAL SESSION, THURSDAY AFTERNOON eases 


At the session of Thursday afternoon, commencing at two o’clock, 
four papers on miscellaneous subjects were presented, the first upon 
The Mechanical Engineer and the Textile Industry, by H. L. Gantt. 
This was designed to point out a field and its possibilities in which the 
mechanical engineer had done little, that of industries which have 
not ordinarily come under his surveillance. There was no discussion. 

A paper on the Elastic Limit of Manganese and Other Bronzes, 
by J. A. Capp, followed, dealing with the elastic curves of brasses and 
bronzes, which are smooth curves, gradually bending as stress in- 
creases, and showing their lack of relationship to the elastic limit 
indicated by the elastic curve. 8S. A. Moss, F. W. Dean, F. B. Gil- 
breth and E. A. Uehling discussed the paper. ; 

The Hydrostatic Chord, by Raymond D. Johnson, Niagara Falls, 
N. Y., was next presented. The name hydrostatic chord is given to 
a novel shape for large pressure conduits, the function of which is to 
produce a tendency in the pipe to round out after the pressure reaches 
a certain mean value, causing an effort to increase the vertical diam- 
eter and tending to lift both the dead weight of the dials shell itself 
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-and the top fill. The paper contended that these defects could be 
_ obviated with a shape properly designed on correct hydrostatic prin- 
ciples. There was no discussion. 

The last paper was by Edw. C. Schmidt, on The Resistance of 
Freight Trains, and presented the results of tests made to determine 
this resistance and fully displayed and examined the test data. T.S. 
Bailey, W. T. Raymond, 8. A. Moss, F. W. Dean, H. G. Stott, G. 

N. Van Derhoef, H. R. Cobleigh, Wm. H. Bryan, F. J. Cole, W. F. 
M. Goss and J. B. Blood discussed the paper. 


On Thursday evening Honorary Membership in the Society was 
conferred on Rear-Admiral George W. Melville, U. 8. N., Retired. 
At a gathering in the solarium of the hotel, Secretary Rice made formal 
announcement of the vote of the Council receiving Admiral Melville 
into such membership, and President Westinghouse voiced the 
4 pleasure of the Society in thus recognizing so distinguished an engineer. 
e In replying, Admiral Melville expressed his appreciation of the honor 
bestowed upon him by his brother engineers. Sir William H. White, 
Past-President of The Institution of Mechanical Engineers and an . 
Honorary Member of the Society, followed Admiral Melville and spoke 
of his splendid years of service to his country, of the sort sometimes 
’ disregarded by a man’s own countrymen because of lack of perspec- 
tive. He recalled the extraordinary naval experiences which the Ad- 
miral had undergone, in which he never at any time flinched from duty, 
and expressed himself in accord with Admiral Melville’s feeling with 
regard to the honor conferred on him, since he also had been so sig- 
nalled out by the Society. Walter M. McFarland then read an 
address prepared by Admiral Melville for the occasion, on The 
Engineer’s Duty as a Citizen. 
A reception followed at which the membership were given an op- 
portunity to meet Admiral Melville and Sir William White, and 
dancing and refreshments concluded the evening. 


FripAY MorninG, JUNE 3 


At the final session of the convention, held at ten o’clock Friday 
morning, four papers on Power Transmission were presented. The — 
first, Ball-Bearing Lineshaft Hangers, by Henry Hess, gave in detail — 
the actual and relative first cost of a lineshaft installation, with plain 
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bearings and ball bearings, and showed the saving secured by the 
latter. It was discussed by F. B. Gilbreth, H. J. Smith, F. W. 
Dean, J.S. Bancroft, C. J. Jackson, H. R. Cobleigh, Harrington Emer- 
son and G. N. Van Derhoef. 

Following this, Wm. T. Magruder, presented his paper on An Ex- 
perimental Analysis of a Friction Clutch Coupling, giving the results 
of five lines of investigation. It was discussed by H. J. Smith, who 
illustrated his discussion with lantern slides, G. N. Van Derhoef, FE. P. 
Haines and Oberlin Smith. 

A paper by C. M. Garland, on An Improved Absorption Dyna- 
mometer, was next presented, describing a type of eddy-current 
dynamometer, adapted for the absorption of power given out by 
motors under test, with an enumeration of the conditions that should 
be fulfilled. C. M. Allen discussed the paper. 

The fourth and last paper was by 8. H. Weaver, on Critical Speed 
Calculation, treating of the properties of equations of vibration, with 
curves showing the amplitude of vibrations at different speeds for 
various shaft loadings, spans and bearing supports. Henry Hess, 
S. A. Moss and M. Nusim discussed the paper. 

Following the professional session, Jesse M. Smith, presented the 
following resolution of thanks, which was unanimously adopted. 


RESOLUTION OF THANKS 4 


4 
- Wuerras The American Society of Mechanical Engineers at the Semi-Annual 
Meeting held at Atlantic City in May-June 1910, desires to express its appre- 
ciation to those who have so bountifully provided for the entertainment of the 
visiting members, 

Br Ir ReEsoLven that the Secretary be instructed to extend the thanks of the 
Society and express the appreciation of its members and guests, to the local 
committees or their untiring efforts in providing for the comfort and pleasure 
of the visiting members. 
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During the entire convention roller chairs for the boardwalk were 
made available to the membership and admission furnished to the 
Golf Course at Pleasantville and to the entertainments on the piers. 

The Ladies’ Committee, under the Chairmanship of Mrs. Charles 
Day, contributed in every possible way to the pleasure of the visiting 
ladies throughout the meetings, and tea was served at the head- 
quarters at the Marlhorough-Blenheim, on Tuesday. Wednesday 


and Thursday afternoons, to which the members were 
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DEDICATION OF MEMORIAL TABLET TO 

ROBERT HENRY THURSTON 


= 


A bronze memorial tablet to Dr. Robert Henry Thurston, first 
president of The American Society of Mechanical Engineers, was 
dedicated at the New York monthly meeting, Tuesday evening, 

_ February 8, 1910, in the auditorium of the Engineering Societies 

- Building, in the presence of many associates and former students 
of Dr. Thurston as well as of members of the Society. This bas- 
relief, the work of Herman A. MacNeil, a former student and per- 
sonal friend of Dr. Thurston, a replica of the memorial tablet pre- 
sented to Sibley College, Cornell University, by alumni and students, 
was placed in the rooms of the Society through the generosity of 
members, as an expression of their devotion to Dr. Thurston. The 
contributions were received by a committee consisting of John Fritz, 

_ §. W. Baldwin, Prof. R. C. Carpenter, Walter C. Kerr, E. A. Uehl- 
ing, Wm. Hewitt and Gus. C. Henning; and the details connected 
with the acquiring of the tablet, its installation and the arrange- 
ment of the dedicatory exercises, were in the hands of Dr. Alex. C. 
Humphreys, Chairman, Chas. Wallace Hunt, Fred J. Miller, Prof. 
R. C. Carpenter and J. W. Lieb, Jr. 

The program of the evening was designed to cover the various 
phases of Dr. Thurston’s brilliant career, treated in each case by a_ 
speaker of wide reputation who had known Dr. Thurston inti- 
mately during this period of his life. It therefore very appropriately - 
included an address on Dr. Thurston’s relationship with the Society, 
by Prof. John E. Sweet, President of the Society from 1883-1884 and 
active with Dr. Thurston in its organization; a communication on 
Dr. Thurston’s career as a naval engineer, from Rear-Admiral Benja- 
min Franklin Isherwood, U.S.N., Retired, Honorary Member of the 
Society, which was read by Prof. F. R. Hutton, Honorary Secretary; 
an address on Dr. Thurston at the Naval Academy at Annapolis, — 
by Rear-Admiral George W. Melville, U.S.N., Retired, Honorary 
Member and Past-President, of the Society on Dr. Thurston as 
professor at Stevens Institute of Technology, by Col. E. A. Stevens, 
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trustee and treasurer of Stevens Institute and son of its founder; on 
Dr. Thurston’s literary and research work, by William Kent, one 
of the organizers of the Society and a close friend and co-worker with 
Dr. Thurston; and on Dr. Thurston as director of Sibley College, 
Cornell University, by Walter C. Kerr, a trustee of Cornell. The 
Chairman of the Thurston Memorial Committee, Dr. Alex. C. 
Humphreys, president of Stevens Institute of Technology, pre- 
sided over the meeting. 

After the addresses of the evening, members and guests proceeded 
to the eleventh floor where the tablet was unveiled and presented by 
Dr. Humphreys, on behalf of the committee, to the Society, for whom 
it was accepted by Col. E. D. Meier, Vice-President. Colonel Meier 
declared this to be the first bronze statue of an eminent engineer 
erected in the United States in a great building devoted entirely to 
engineering and said that an excellent choice had been made in Dr. 
Thurston as a representative of his profession. Dr. Humphreys also 
presented to the audience Herman A. MacNeil, the artist, who 
made the concluding remarks of the evening. 

It was a matter of regret that Mrs. Thurston found it impossible 
to be present at the meeting. A letter was read by the Chairman, 
expressing her appreciation of the honor rendered to Dr. Thurston. 
Messages were also received from President Westinghouse, who 
was prevented by urgent business from attending, and from Chief 
Engineer Chas. H. Manning, U.S. N., and Lieut.~-Commander Robert 
Crawford, U. 8. N., associated with Dr. Thurston in the Naval Acad- 
emy at Annapolis. 


The addresses of the evening follow. | 


INTRODUCTORY REMARKS ne 
By Dr. Atex. C. HUMPHREYS, CHAIRMAN along 


Member of the Society; President of Stevens Institute of Technology __ 


ee 


While recognizing that it is not the function of a presiding officer 
to forestall the speakers to be introduced, I cannot refrain from say- 
ing a few words about my friend and preceptor, Robert H. Thurston. 
Others will tell you of his widely varied activities, his tremendous 
capacity for work, which was nevertheless overtaxed, his quickness 
of brain and speech, his powers of exact determination and expression, 
his capacity for organization and execution, his eminence as an en- 
gineer and educator. I prefer to think of him as the large-hearted, 


gentle, lovable, helpful man, the man of vision, the optimist. as, 
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While a student at Stevens, | was not fortunate enough to have Dr. 
Thurston’s guidance during my junior year, for then, in 1879, he had 
not yet recovered from the almost fatal nervous breakdown, which 

resulted from his strenuous life in many lines of activity. But I came 

to know him well during my senior year, and had many occasions to 

_be deeply grateful to him for his assistance and encouragement, which 

I then greatly needed. I never saw him other than cheerfully re- 

‘sponsive to a request for help, and I was never allowed to feel that I 

was intruding when I went to him for counsel. While demanding 

respect and obedience from those under him, his attitude towards them 
was characterized by a sympathetic desire to be helpful. 

_ Wm. Kent, one of the speakers of the evening, in his masterly bio- 
_ graphical notice of Dr. Thurston in the Sibley College Journal, in 
_ writing of the vast amount of work performed at a certain time by 

Dr. Thurston, says: “And during all this time, I never saw him ex- 
_ cited or ruffled over his work.” We busy, overcrowded men, know 

‘this to be high praise indeed. 

I met Thurston too seldom after I graduated from Stevens, but 
_ when we did meet, I was made to feel that he was really interested 
in my career, and that he rejoiced and sympathized with me as cir- 
cumstances suggested. I like to remember that he came down from 

Cornell at the time of my inauguration as president of Stevens Insti- 

tute, and that it was through him that Cornell University and Sibley 

College conveyed their good wishes to Stevens Institute and to me 
at that time. Later in that year he quietly passed away to his 
well-earned rest. 

Thurston was a man of vision. Time and again this is shown in his 
writings, and especially in view of later developments. And this, 
notwithstanding that his declared results were sometimes afterwards 

amended, as must be the case with those who are courageous enough 
to act the paft of pioneers. 

We are, apparently, now only beginning to appreciate in this coun- 
try the practical and commercial value, to say nothing of higher 
things, of technical and technological education. And even now, 
those who do have the appreciation are unable to move and guide those 
who have the power to provide the means for the necessary improve- 
ment in our educational methods. Years ago, Thurston wrote: ‘Ger- 
many has substituted for the now obsolete apprenticeship system, the 
systematic, scientific methods of preparing her youth for the future 
of their lives in all departments of instruction and industry.” 

He was a student of political economy and education and pointed 
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out the evils which would come to us unless certain lines of reform 
were followed, the evils which are now upon us and have to be met 
by patience, wisdom, firmness and common sense. 

It was said of his father: ‘‘Throughout his life, his benevolence, 
his uniform kindness to employes and to all with whom he came 
in contact, and his strong attachment to his friends, made him as 
universally beloved as he was widely known.” 

The son was strong in faith though he did not carry his religion in 
his sleeve. He gave voice to his faith in a certain article which 
received wide attention, entitled, The Scientific Basis of Belief. It 
seems to me that the summation of his creed is found in a verse 
which he included in this article: 4 

Strong Son of God, immortal love, 
Whom we, that have not seen Thy face, 

_ By faith, and faith alone, embrace, 
so: Believing where we cannot prove. ye! 


Notwithstanding his great and varied accomplishments, it is as the 
holder of this faith, and as the worthy son of this worthy father, that 
L love to think of Robert H. Thurston. 


DR. THURSTON’S CONNECTION WITH THE SOCIETY — 
By Joun E. Sweet 


Honorary Member and Past-President, Am.Soc.M.E. 


We meet tonight to do honor to the first president of The American 
Society of Mechanical Engineers, elected now nearly thirty years 
ago. I have been asked to tell the simple story of his connection 
with the Society. It is fitting that we whose fading memories can 
give only shadowy reviews of past events do the best we can to 
record the facts as we recall them. 

To begin at the beginning, we must hark back to the fall of 1879, 
when the American Machinist was published in a small office at 
96 Fulton Stre:t, New York. The journal had been in existence but 
a few years. It had received contributions from a goodly number 
of contributors engaged in various branches of mechanical industries 
and from a wide section of the country. But very few of these 
contributors were known to the publishers, and fewer still to one 
another, and the notion came to my mind to get as many of them 
together as we well could, and give the publishers a surprise party; 
with a faint notion that it might lead to an organization. I conveyed 
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the notion to one of the contributors, and he at once gave it away 
to the editor, with the suggestion that some sort of a mechanical 
association be formed. The suggestion took root in the minds of 
the publishers, and Mr. Bailey, the editor, came to Syracuse to see 


me about it; or, in fact, to inveigle me into writing the invitations. 


Among those invited were Alexander L. Holley and Prof. Robt. 
Hi. Thurston of Stevens Institute, then in a sanitarium in Dansville, 
N. Y., both of whom entered heartily into the scheme. Before the 
meeting, which was held on February 16, 1880, Mr. Bailey and I 
had an interview with Mr. (Holley ; each was to draw up some form 


_of program for the meeting, and we were to meet the next day to 


compare notes. As such things usually turn out, Mr. Holley had 
drawn up a set of rules which were so complete that we could readily 
endorse them. At the meeting in the afternoon there were some- 
thing like thirty present, with letters of endorsement from fifteen 
or twenty others. Mr. Holley acted as chairman, and I well re- 
member the point he madein his opening address, that it had come to 
that state of affairs that both civil and mining engineering were 
largely mechanical. A good deal of time was spent in discussion 
of the rules, which ended in the adoption of those Mr. Holley had 
; prepared; and time was also wasted in settling on a name, until Mr. 
Copeland said, ‘‘ Callit ‘ TheSociety of Mechanical Engineers.’ ’’ This 
seemed to settle it, except that in the shuffle the word “‘ American” 
got incorporated, to the regret of possibly no one but myself. 
_ Mr. Copeland, Charles T. Porter, Mr. Holley, E. D. Leavitt, Jr., 
and myself were chosen as a nominating committee. The officers 
nominated were elected at the meeting held April 7, 1880, at the 
panne Institute, over which Henry R. Worthington presided. »,, 
At the time of what is now known as the first annual meeting, held 
in New York, November 4 and 5, 1880, Professor Thurston had 
regained his health, and was able to preside and to deliver an able 
Professor Thurston was elected president for the 
second time, and these two were the critical years in the Society’s 
history. We then held three meetings a year, and while Holley 
and Worthington lived, they formed with Professor Thurston a 
three-point support that did not rock; but they both died while 
Thurston was President, and left him to carry the burden. One 
incident that occurred during this time I shall always remember. 
x0ing out from one of the meetings Mr. Worthington, greatly elated 
over the way things were moving, said to me, “Professor, the thing 
is going to go.”” I doubt if any of us had the idea that the Society 
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would reach a membership of 300, while today it takes more than 
another right-hand cipher added to our figures to record our mem- 
bership. 

Professor, later Dr. Thurston, not only while president, but for a 
long time later, was more instrumental in helping up the Society 
than any other man. It is not necessary to enumerate his contri- 
butions to the Transactions. He never showed evidence of elation 
at success or chagrin at defeat. His work enriches every volume of 
the Transactions, from the first volume down to the time of his death. 
And every member of the Society needs to open the door of his 
memory and let the history of its work shine in and enliven his 
spirit of respect and adoration for the boy, the student and the 
scholar, the thinker and the worker, the teacher and the guide, the 
honored member and revered first president of The American 
Society of Mechanical Engineers, and the man—-Dr. Robert Henry 
Thurston. 


DR. THURSTON’S CAREER AS A NAVAL ENGINEER av 


By Rrar-ADMIRAL BENJAMIN F, IsHERWOoD, ENGINEER-IN-CuHIEF, U.S. N., 
Honorary Member, Am. Soc. M. E. 


RETIRED 


Professor Thurston, in whose honor these commemoration exer- 
cises are held, was in all respects an exceptional person, with endow- 
ments not only of a very rare but of a very high order. He was a 
typical representative of the American engineer of the present day; 
combining a thorough and extensive practical knowledge of his 
profession with a scientific culture scarcely found in the exclusively 
theoretical scientist; and he had, in addition, the ability to make 
these qualifications available to the world by means of an excellent 
literary education improved by a carefully discriminating practice 
as a writer, an orator, a mathematician, and an original investigator 
in the broad field of his profession. The first-class engineer of the 
present day must also be a first-class scientist as well as a first-class 
mechanician, besides possessing a mind well stored with the infor- 
mation collected by others of his profession whose aims and achieve- 
ments are similar to his own. 

With these mental powers was associated, in the case of Professor 
Thurston, so charming a personality that he not only never had a 
foe, but all who knew him were his friends. His knowledge and his 
services were at the command of all who sought them, and were 
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rendered in a manner that made the recipient believe that instead 
of receiving a favor, he was conferring one. Professor Thurston was 
the author of several books on engineering subjects, which were 
classics in their day. He was also a prolific investigator of difficult 
phenomena in engineering, and his numerous reports have much 
enriched its literature and enlightened its obscurities. He wrote with 
perspicuity, elegance and ease; and he was a ready and fluent orator 
on all the scientific topics of the day. 

His death was a great loss to the world, and particularly to his own 
profession of engineering, for his exceptionally valuable life was 

_ devoted to the improvement of the world in the only way it could, 
in his opinion, be improved, namely, by the cultivation of physical 
‘science. Great intellectual attainment meant with him, great every- 
thing else. 

Those who knew Professor Thurston best valued him the highest. 
My personal acquaintance with him was long and intimate, and it 
Was intensified by our professional interest in the same subjects, 

notwithstanding the great difference of our ages and temperaments; 
and none who knew him as well as I did will consider this weak 
portraiture of him as overcolored. His death at Cornell saddened 
all who knew him well enough to appreciate his gentle qualities, as 
well as his lofty aspirations. He was most happily constituted; he 
lived his life in the sunshine of an entirely normal existence, and by 
dying in the full flush of manhood and in the consciousness of great 
achievement, he was saved from decline, and enabled to pay to glory 
the debt he owed to nature. 


Dk. THURSTON AT THE NAVAL ACADEMY AT 
ANNAPOLIS 
Rrar-Apmrrat Grorae W. U.S.N., Retrrep 


Honorary Member and Past-President, Am.Soc.M.E, 


My function is to pay the tribute of the navy to one who was for 
a time a naval officer and who during his career as such bore himself 
in a way worthy of its best traditions, leaving a record, the memory 
of which is still distinct with those of us who were his contemporaries, 
although it has long since been overshadowed by the greater reputa- 
tion of his more mature life. 

When the engineer came into the navy, he received scant recogni- 
tion, although we were very fortunate indeed in having as our first 


representative that grand old 


man, Charles H. Haswell, who was 
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taken from us so recently. The dominant faction in the navy did 
not like machinery nor mechanics, and as a result the very early 
engineers were largely men whose theoretical training did not go 
beyond the common schools and whose professional training came 
from hard knocks in the machine shop. This was true in my own 
case and in that of the great majority of the older engineers. At 
the breaking out of the Civil War, however, with the increased 
demand for engineers and the desire of patriotic men with engineering 
training to render their best service to the Government, a number of 
men came into the corps who were college graduates, and Dr. Thurs- 
ton was one of these. He entered the service in July 1861, very soon 
after the beginning of hostilities and before any of the great naval 
battles, and he served at sea continuously until the close of the war, 
taking part in the Battle of Port Royal and in the Siege of Charleston. 
While still a second assistant engineer, he was placed in charge of the 
machinery on the Chippewa and later served on the monitor Dictator, 
the largest built up to that time. 

The historian of the engineer corps of the navy, Past Assistant 
Engineer (now Captain) Frank M. Bennett, has mentioned several 
instances in which Thurston distinguished himself. One of these was 
on January 29, 1863, when he was in command of one of the armed 
boat's crews which captured the blockade runner Princess Royal at 
Charleston. The next day two armored rebel rams came down upon 
the Federal fleet and destroyed some of the converted merchantmen 
which constituted it. Thurston was temporarily chief engineer of 
the Princess Royal and by extraordinary efforts managed to get the 
machinery going so that she got out to sea and escaped destruction 
at the hands of the rebels. 

With his fine preliminary training at Brown University and his 
four years of practical experience in the navy, it was obvious that he 
was well equipped for duty as instructor at the Naval Academy 
in the department of natural and experimental philosophy, to which 
he was ordered in 1865. During his term of service there, the head 
of the department died and Thurston was made acting head of the 
department. 

It was during this time that the education of engineers at the Naval 
Academy began with the class of acting third assistant engineers 
who entered in 1866, of whom the late Admiral Rae was a member. 
Thurston undoubtedly gave instruction to all of these youngengi- 
neers in that department, which we would now call thermodynamics, 
although he was not a member of the department of engineering 
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which looked after the more practical side of their professional train- 
‘ing. 
A retired engineer officer, who was an instructor at Annapolis in 
the department of engineering, while Dr. Thurston was in the depart- 
ment of physics, speaks of him as follows: “‘ During about two years 
of his term at Annapolis, I saw him almost daily and am therefore 
able to bear testimony to the excellent work he then did both as an 
proses and as the managing head of that very important depart- 
-mentof our Naval School. He fully appreciated the importance of 
physical science to the naval profession generally, and its particular 
application to naval engineering, and he worked with untiring zeal 
for its full development as a part of the training of our young officers, 
often personally designing special apparatus, which were fewer then 
than now, for demonstrating physical truths and principles. Thurs- 
pe: was eminently fitted for this class of scientific work by taste, edu- 
cation and practical experience as a naval engineer. 
At such a time as this, we realize how very interesting it would 
be if we could know exactly what circumstances lead to the selection 
of a man for a particular line of work. I have tried hard to find just 
what led to Dr. Thurston’s selection for the chair of mechanical 
engineering in Stevens Institute, but it occurred so long ago, almost — 
forty years, that the details are no longer available. Indeed it is 
probable that there never was any record of them and that it was a 
matter between President Morton and Dr. Thurston himself. Unless 
a man writes an autobiography, and is as frank about all the occur- 
rences of his life as Herbert Spencer, such an interesting phase as this 
is apt to be entirely passed over in spite of its great importance. 
Aware, as those of us who knew him well are, of Thurston’s marked 
ability as a scientific expositor and of his life-long desire for progress 
and increased efficiency, may we not imagine that, before he was 
asked to become President of Stevens, President Morton had become 
acquainted with Dr. Thurston through his articles; and by corre- 
spondence or conversation had found that here was a man after his 
own heart, who could be counted upon to make the new school of 
technology what he wanted it to be, the best in the country. 

There were other departments of colleges and perhaps other schools 
where mechanical engineering was taught, but Stevens was, I believe, 
the first institution in our country devoted exclusively to the educa- 
tion of mechanical engineers, and we can now realize even better 
than when he was called to the Chair, how extremely important was 


the selection of Dr. Thurston for this work. If he had been content 
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to drift along in accordance with old established methods, or if he 
had not been a tremendous worker, his great ability would have 
failed to give to Stevens the foremost standing which it has held 
from the very start. 

Dr. Thurston had, in a degree rarely found among men devoted 
to education, a strong touch of the commercial instinct, and it was 
doubtless this which led him, from the beginning, to direct the work 
of his students in their experiments along lines of an immediately 
practical interest to engineers and others. For example, I remember 
a set of experiments to determine the economy of gas engines at a 
time when they were just coming into use. This was only one of a 
great many instances. The hard-headed, practical manufacturers 
could not fail to realize that a school where the energies were directed 
in such a practical way must turn out men who would make good in 
practical life. I need hardly show that this judgment has been 
verified by recalling the positions now held by many of these grad- 
uates, in offices of the very highest importance in the lines of man- 
ufacturing and transportation. 

So great was the reputation made by Dr. Thurston at Stevens, 
that he was generally looked upon as the greatest teacher of mechani- 
cal engineering in the country; and I happen to have information 
with respect to the circumstances under which he went to Cornell 
which shows that when they were looking for a man of the highest 
accomplishments to take charge of Sibley College, they at first did 
not consider Dr. Thurston, for the reason that they did not believe 
any inducement could take him away from Stevens. When the 
Trustees of Cornell came to the conclusion that they wanted the 
best man available, and that they were willing to pay whatever was 
necessary to secure his services, they eventually opened negotia- 
tions with Dr. Thurston, which led to his finally going there. 

Of his splendid work at Cornell others will speak, and I need only 
say that it is a marvelous tribute to his ability and reputation that 
he should have been able to increase the attendance at Sibley College 
from about one hundred students to over one thousand. 

His educational work was so engrossing that it naturally left 
him little time for keeping up his association with the Navy, 
although we who remained in the service always felt that in 
him we had a sincere friend on whom we could depend for such 
help, whenever needed, as it was in his power to give. Before 
we finally attained the full recognition of the paramount 
importance of engineering in the Navy, which, as you know, 
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is now the function of the entire line of the Navy, we had many 
an up-hill fight, and on several occasions Dr. Thurston materially 
_assisted us by articles in the magazines and by personal appeal. In 
_ this connection it is interesting to note that Bennett’s History of the 
Steam Navy, in speaking of an order of the Navy Department in 
1870, which was considered very unfair to the engineer corps, men- 
tions that, in consequence of this order, a number of the brightest 
‘men in the corps resigned, among them Dr. Thurston. It has been 
my observation that the participants in an up-hill fight are drawn 
-more closely together than those whose association is always on the 
winning side. It was doubtless Dr. Thurston’s keen recollection of the 
lack of recognition which he had received while an engineer in the 
Nav y, that made him so willing to help those who were still in the 
‘service in their efforts for a proper recognition and consideration of 
engineering and its exponents. 

It has been my desire as a naval engineer and one whose whole life 
has been spent in the naval service, to voice, in behalf of myself and 
my colleagues who were and are engineers in the Navy, our admira- 
tion for the friend who, during his own short naval career, did so 
‘much to add to the reputation of the engineer corps, and by his 
‘prominence as an engineer all through his life reflected the highest 
credit upon naval engineering. 


THURSTON AT STEVENS INSTITUTE OF “i 
TECHNOLOGY 

By Cou. E. A. STEVENS 


Member of the Society; Trustee and Treasurer of Stevens Institute 


DR. 


Thurston’s work at Stevens can be divided into two parts: on the 
one hand his general work as an engineer, including his well-known 
contributions to the literature of engineering and the researches on 
which they rested; and on the other his share in the development of 
the work of the Institute and the influence of his personality on his 
fellow instructors and the undergraduates. 

As to the first part I can say but little in the time assigned. The 
history of mechanical engineering in the United States will always 
bear witness to his ability, to his untiring energy and to the liberality 
with which he freely gave to his beloved profession all that his ripe 
experience and trained observation could give. 

WwW hatever may have been the value of his other Ww ork w hile at 
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Stevens, none of it surpasses, or I may say equals in importance, his 
share in the development of the system of instruction and the influence 
of his personality and of his standard of professional ethics on those 
with whom he was there thrown into contact. 

Forty years ago the American mechanical engineer was mainly 
the product of the shop and the engine room, with such self-teaching 
as could be gathered in the leisure hours of a busy life of hard work. 
Most engineers of that day would admit that drafting and mathe- 
matics could be taught in schools, but claimed that such training 
would produce draftsmen and mathematicians, not engineers, men 
who would be of less value in practical work than the lad of the same 
age who had spent his time in the shop; that the school-bred man 
would need several years of hard work to knock the school-taught 
nonsense out of his head, always granting that he had not been 
irretrievably ruined by his scholastic training. 

Such was the general, even if not the unanimous mind of the pro- 
fession when Henry Morton gathered around himself six men, who 
with him were to form the faculty of the first American school wholly 
devoted to the teaching of mechanical engineering. Scientist and 
scholar as he was, Morton appreciated the gravity and importance 
of the task set him and selected his fellow members of the faculty 
with a care and judgment amply justified in the result. Of these 
men, eminent as they were, Thurston was the one on whom devolved 
the practical teaching of engineering. The others must have aided, 
and unquestionably did aid, in giving the training as a whole a practi- 
cal direction, but it was to Thurston more than to any one other of 
Morton’s first faculty that the prominence of the practical curricu- 
lum at Stevens must have been due, and on him therefore it is but 
fair to bestow a generous share of the acknowledgment due these 
men. It would be as invidious as it would be useless to apportion to 
each the share due to his individual efforts. 

While Thurston’s personality impressed itself on all who met him, 
whether at Stevens or elsewhere, the lasting result of this impression 
on the men who there studied under and with him forms a part of 
the history of Stevens. The material that came to the “Old 
Stone Mill’? was much the same in the early days as since. The 
early graduates at once took a standing in American engineering 
work that soon settled once and for all any debate as to the value of 
a technical training. They carried also with them into the world 
what was as necessary for the progress of engineering as technical 
skill or practical knowledge. They had imbibed together with their 
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calculus and thermodynamics that moral and ethical view of their 
profession without which an engineer’s skill and learning is of little 
value to his country, a thing not absorbed from text books or taught 
by platitudes, however often reiterated from the lecture platform. 
_ Boys and young men quick to detect cant are equally quick to 
recognize and value square-dealing and to love and follow and model 
themselves after the straightforward man. Of all of that first 
faculty there was no one to whom the undergraduates could and did 
more confidently look for a square deal than to Thurston. That 
straight clear gaze, right into your eye, gave at once a confidence in 
= man and in his methods that experience did not belie. 
_ Single instances prove few cases and a life such as Thurston’s is 
not to be judged by citing examples and incidents. The true 
measure of his great work and usefulness is the standard set 
by the great Master, “by their fruits ye shall know them.” By 
E other standard would Thurston have asked to be judged and the 
fruits of his work at Stevens are proven not by the accomplishment 
of specially gifted men who studied under him but by the general 
_ standing of the Stevens men of this day. A i _ 
DR. THURSTON IN LITERATURE AND IN RESEARCH 


By Wm. Kent 
Member of the Society 


My acquaintance with Dr. Thurston began near the end of the 
year 1874, when I called upon him to make arrangements for enter- 
ing the junior class in the Stevens Institute of Technology. He was 
then thirty-five years of age. He was at this time professor of mechan- 
ical engineering, meeting his classes two hours a day for, I think, 
five days in the week; he was editing the four volumes of reports of 
the United States Commission to the Vienna Exhibition of 1873, one 
of the volumes being written by himself; he had shortly before 
written a report of the United States Commission for investigating 
the causes of steam-boiler explosions; he was planning the researches 
to be made"by the United States Board"to test iron,”steel"and other 
metals, of which he was secretary and the most active member. 
Besides all this he was writing papers for the American Society of 
Civil Engineers and for the Journal of the Franklin Institute, con- 
cerning the results of his researches. In 1871 he had conducted a 
series of boiler tests on several different makes of water-tube boilers 
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at the American Institute fair in New York. In 1873 he had organized 
a mechanical engineering laboratory for the purpose of making engi- 
neering researches, the first of the kind to be established in the 
United States. At about the same time he invented his well-known 
autographic testing machine for testing materials by torsion, and 
later he invented a machine for testing lubricants, in which some 
of the principles of the torsion machine were embodied. 

In June 1875, Dr. Thurston called me into his office and told me 
he wanted me to undertake a research into the strength and other 
properties of the alloys of copper. I said to him, ‘‘I don’t know 
anything about alloys.” ‘That is a good qualification,” said he, 
“you won’t have anything to uulearn.”” He told me how to make a 
research into the literature of the subject, and how to find indexes 
to such literature. He had me write him a report of all I could find 
that was then known about the alloys of copper and tin and copper 
and zinc, and after studying it he planned a series of tests to be 
made in the laboratory, which took eighteen months to complete. 
During all this time I had to report to him almost every day, and I 
had a desk in his office. Then began an intimate friendship which 
lasted until the day of his death. During these two years of compan- 
ionship I was ever more and more impressed with Dr. Thurston’s 
genius and with the breadth of his intellectual power. Not only was 
he a tireless worker, driving the pen or pounding the typewriter 
hour after hour, but his brain always seemed to be working as steadily 
and as rapidly as his pen. Whenever he was asked a difficult ques- 
tion the answer seemed to come instantly from his well-stored mind, 
and the answer was right. Such a combination of industry, rapid 
and clear brain-action, and broad intellectual grasp of a great variety 
of subjects, engineering and other, I have never known in any other 
man. 

Such intense mental activity as Dr. Thurston exhibited in these 
years led to its natural result, nervous exhaustion. There was a time 
in 1876 when he visited the Institute only for a few minutes each 
day, and five minutes’ conversation on any technical question would 
almost prostrate him. During this time he was worried by the fear 
that Congress would not continue the appropriation for the work 
of the United States Test Board, and he undertook to write a letter 
on the subject to one of the senators, but it took him a week or more 
to write the letter, working on it five minutesaday. He gave mea 
copy of it to take to one of the members of the board in New York 

City, and that member said to me that it was by far the best presen- 
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tation of the subject that had ever been made. Such was the quality 
of his work when he was on the verge of physical collapse. 
Here is another example of the kind of work he could do during 
the same period. He had been planning a series of tests of the triple 
alloys of copper, tin and zinc, and one day on one of his brief 
visits to the Institute he said to me: ‘Here is something I want to 
show you. Here is anequilateral triangle. It is one of the proper- 
ties of this triangle that if from any point within it perpendiculars 
are drawn to each of the sides the sum of these perpendiculars is 
equal to the altitude. Now let us mark one apex 100 copper, another 
100 tin, and the third 100 zinc, and the opposite sides zero copper, 
tin and zinc. Then any point in the triangle represents one alloy, 
and all the possible points represent all the possible alloys of the 
three metals. Now divide each altitude into ten parts, and through 
the points of division draw lines parallel to the three sides. The 
crossing points of these lines represent all the alloys whose constit- 
uents are even multiples of ten per cent. We will make these alloys 
and determine their tensile strength, and we will cut a lot of straight 
wires to lengths corresponding to the strength; then we will set these 
wires vertically on a board which has the triangle drawn upon it, in 
holes drilled at the points representing the alloys. We will then fill 
in this forest of wires with plaster of paris, smoothing it off so as 
just to leave the tops of the wiresvisible. We will thus have a topo- 
graphy which shows the general law of the relation of the tensile 
strength of the triple alloys to their composition.”’ I well remember 
my amazement when he had completed the description, that a man 
with such a worn-out brain should be capable of such a brilliant piece 
of intellectual work and invention. The investigation of the triple 
alloys was carried out exactly as he had planned it, and the results 
were published in the Reports of the United States Test Board, and 
in Dr. Thurston’s book on Alloys. 
In 1873 Dr. Thurston discovered the phenomenon of the elevation 
of the elastic limit of iron and steel. It was also discovered indepen- 
| lently in the same year by Commander L. A. Beardslee, U.S.N. 
In the years following he tried to find other metals or alloys that ex- 
iibited the same peculiar action after being strained beyond their 
elastic limit, but never found one. In 1874 he investigated the burn- 
ng of tan bark for fuel in specially constructed boiler furnaces, and 
n 1875 and 1876 he made a number of tests of steam boilers. For 

me years after 1876 he carried on investigations of lubricants, the 
sults of which are in his book on Friction and Lost Work. In later 
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years his researches were not numerous or important, for the reason 
that his time was fully occupied with other work. It is a matter 
for lasting regret that the work of the United States Iron and Steel 
Test Board was discontinued almost before it was fairly started, and 
before the Watertown testing machine, which was built for its use, 
was finished. 

Dr. Thurston was an omnivorous reader, and a tremendously active 
writer. Prior to 1880 most of his technical writings were contri- 
buted to the American Society of Civil Engineers and to the Journal 
of the Franklin Institute. After that date his engineering papers 
were mostly given to The American Society of Mechanical Engineers. 

Dr. Thurston’s literary work was not confined to engineering 
matters. In 1873 he contributed to the Scientific American a series 
of seventeen articles on his observations in Europe, which included 
not only what he had seen at the Vienna Exhibition, and in the 
several iron works that he visited, but also his reflections on social 
conditions in the manufacturing centers. Here is a quotation from 
his remarks on the inferiority of workmanship which then charac- 
terized many European productions: 


A liberalization of patent codes, and the gradual training of the workmen of 
Europe to a knowledge of the importance of good workmanship, and of the 
methods of securing it, will at a time which we hope is not far distant, do much 
toward the improvement of the condition of the people. We draw some of our 
best material from amongst them, and it seems sufficiently evident that not 
upon nature but upon man’s own imperfect political systems lies the responsi- 
bility of the unsatisfactory condition of manufactures in Europe. : 


Dr. Thurston’s first important book after his report of the Vienna 
Exhibition was his History of the Growth of the Steam Engine, pub- 
lished by Appleton in 1878. It is written in his best style, and to 
those who are at all interested in the subject it is as readable as a 
novel. It illustrates his painstaking care to be sure of his facts, his 
skill in arranging them in logical order, and his good judgment in 
drawing conclusions. In 1877 he brought out a little book on Steam 
Boiler Explosions in Theory and Practice. 

In 1879 he had his second and last nervous breakdown, more 
serious than the first, so that he was compelled to spend more than 
a whole year in asanitarium, doing no work of any kind. Hereturned 
to work in 1880, and then followed twelve years of most intense 
literary activity, during which he brought out an average of a book 
every year,some of them large octavos of 1000 pages. Here is a list 


{ 
| 
‘ 
i 


DEDICATION OF THURSTON MEMORIAL TABLET 65 
of the books whose first editions appeared in the years 1882 to 1894 
inclusive: 


The Materials of Engineering. 3 vol. I, Non-metallic Materials; 
II, Iron and Steel; IIT, Brasses, Bronzes and other Alloys. 

A Text Book of Materials of Construction. 

Treatise on Friction and Lost Work in Machinery and Millwork. 

Manual of Steam Boilers, their Design, Construction and Operation. 

Handbook of Engine and Boiler Trials, the Indicator and the Prony 
Brake. 

Translation of Sadi-Carnot’s ‘‘Reflections on the Motive Power of 
Heat and on Machines fitted to Develop that Power.” 

Life of Robert Fulton. 

Manual of the Steam Engine. 2 vol. I, History, Structure and 
Theory; II, Design, Construction and Operation. 

Stationary Steam Engines, Simple and Compound. 

The Animal as a Machine and Prime Motor, and the Laws of Ener- 
getics. 


Many of these books ran through several editions; the second 
volume of Materials of Engineering, Iron and Steel, is now in its 
ninth,and the Treatise on Friction and Lost Work, the Manual of 
Steam Boilers, and Stationary Steam Engines, are each in their 
seventh edition. The work of revising these books to keep them up 
to date was no small labor, and several of them have as many as four 
copyright dates. The Manual of the Steam Engine, and the Hand- 
book of Engine and Boiler Trials, have been translated into French. 

Most of these books are severely technical and of interest only to 
engineers and engineering students; but two of them, the translation 
of Carnot’s little book and The Animal as a Machine, ar eal also to 
those interested in advanced physics. He translated ‘arnot not 
because he thought the book would sell, but, as he says in »is preface, 
“as a matter of limited but most intense scientific interest,’ and he 
compliments the publishers for their undertaking to print the book 
without any prospect of financial return. Yet in seven years a 
second edition was printed. Dr. Thurston’s appreciation of Carnot 
in the introduction is a good example of his literary style when writing 
on non-technical subjects. 


Nicholas-Leonard-Sadi-Carnot was perhaps the greatest genius in the depart- 
ment of physical science that this century has produced. By this I mean that 
he possessed in the highest degree that combination of the imaginative faculty 
with intellectual acuteness, great logical power and capacity for learning, 
classifying and organizing in their proper relations all the facts, phenomena 
and laws of natural science, which distinguishes the real genius from other men 
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and even from simply talented men. Only now and then in the centuries does 
such a man come into view. Euclid was such in mathematics, Newton was 
such in mechanics, Bacon and Comte were such in logic and philosophy, Lavois- 
ier and Davy were such in chemistry, and Fourier, Thomson, Maxwell, 
and Clausius were such in mathematical physics. Among engineers we have 
the examples of Watt as inventor and philosopher, and Rankine as his mathe- 
matical complement, developing the theory of that art of which Watt illus- 
trated the practical side. 

But Carnot exhibited that most marked characteristic of real genius, the 
power of applying such qualities as I have just enumerated to great purposes 
and with great result whilestill a youth. Genius is not dependent, as is talent, 
upon the ripening and the growth of years for its prescience; it is ready at the 
earliest maturity, and sometimes earlier, to exhibit its marvelous works; as for 
example note Hamilton, the mathematician, and Mill, the logician, the one 
becoming master of a dozen languages when hardly more than as many years 
of age, reading Newton’s Principia at sixteen, and conceiving that wonderful 
system, quaternions, at eighteen; the other competent to begin the study 
of Greek at three, learning Latin at seven, and reading Plato before he was 
eight. Carnot had done his grandest work of the century in his province of 
q thought and had passed into the Unseen at 36; his one little volume,which 
<< i has made him immortal, was written when he was but 23 or 24. 


? nf A fine example of Dr. Thurston’s grasp of a subject of scientific 
thought beyond the domain of engineering, and even beyond the 
present borderland of physics, is seen in the following brief extract 
from The Animal as a Machine: 


The living body is a machine in which the law of Carnot, which asserts the 
necessity of waste in all thermodynamic processes and in every heat engine, 
and which shows that waste to be the greater as the range of temperature 
worked through by the machine is the more restricted, is evaded; it produces 
electricity without intermediate conversions and losses; it obtains heat with- 
out high temperature combustion; and in some cases light without any sensible 
heat. In other words, in the vital system of man and of the lower animals, 

_ nature shows us the practicability of converting any one form of energy into 

any other, without those losses and unavoidable wastes characteristic of the 
methods, the invention of which has been the pride and the boast of man. 
Every living creature, man and worm alike, shows him that his task is but 
half accomplished; that his grandest inventions are but crude and remote 
imitations; that his best work is wasteful and awkward. Every animate 
creature is a machine of enormously higher efficiency as a dynamic engine than 
_ his most elaborate constructions. Every gymnotus living in the mud in a 
m tropical stream puts to shame man’s best effort in the production of electricity: 
and the minute insect that flashes across his lawn on a summer evening, or 


the worm that lights his path in the garden, exhibits a system of illumination 
4 incomparably superior to his most perfect electriclights . . . Hereis Nature’s 
challenge to man. Man wastes one-fourth of all his fuel as utilized in his 

steam boiler, and often 90 per cent as used in his fireplace; nature in the animal 


system utilizes substantially all. 
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Dr. Thurston was an occasional contributor to such journals as 
the Popular Science Monthly, the Forum, Science, and the North 
American Review. Sometimes he went outside of the field of the 
physical sciences and wrote on sociological and economic subjects, 
such as the tariff. Once he wrote for the North American Review 
a statement of his religious convictions. 

He frequently wrote papers and delivered addresses on educational 
subjects, and in these he was naturally at his best. For nearly forty 
years he was an educator and an educational leader. He was versed 
in the theories of Froebel, Milton and Comenius; and of Spencer, 
John Scott Russell and other modern writers. His paper on Techni- 
cal Education in the United States; its Social, Industrial and Eco- 
nomic Relations to our Progress, read at the International Engineer- 
ing Congress at Chicago in 1893, is one of his masterpieces. It is a 
calm, scholarlike review of the conditions of the past, and a hopeful 
view of the future. He propounded no new theories, he originated 
no new fads, but he was in line with the best thinkers of his time, and 
thoroughly in sympathy with the modern trend toward industrial 
or trade education for the great mass of the peoplee © 


DR. CORNELL 


Member of the Society; Trustee of Cornell University 


THURSTON AT SIBLEY COLLEGE, 
UNIVERSITY 


By Water C. Kerr 


What a man is, makes less difference to the world than what his 
life teaches; the man departs, but his teaching remains. It would be 
impossible for me to relate here the full importance of the eighteen 
years that Dr. Thurston devoted to Cornell University. Prior to 
1885 Cornell was developing a department of mechanic arts in a 
small way, recognizing the necessity and opportunities of mechanical 
engineering. With a profitable sale of the university’s timber lands 
the trustees felt warranted in taking forward steps, chief among which 
was the founding of a new department, and to this department of 
mechanical engineering Dr. Thurston was called as the first director. 
No choice was ever more fortunate. I will not undertake to recount 
ul that followed in physical development from his administration, 
‘xcept to say that the number of students increased from one hundred 

o eleven hundred, buildings ‘grew, facilities grew, everything that 


his hand touched grew, and all the growth was as healthy. pene 
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- Thurston was especially an organizer, and of the very best kind. 
_ This was because he knew what to organize. Hismethods were direct 
_and practical, he knew men, he understood human nature; and all 
_ resistance was to him merely a retardation, not a stopping, and conse- 
quently he gained whatever he set out to do. 
By temperament, education and experience he was peculiarly 
_ fitted to direct socially and intellectually an important department in 
~a complex institution; by his touch with all the forces of life he was 
an important factor in any community in which he lived, and this 
| gave him a profound and wide influence for good through a much 
larger circle than that of engineering. He convinced men, by per- 
-suading them to want what he wanted, and the result was that he 
usually gained his end with the minimum of argument. His ever- 
: present cheerfulness was an inspiration, and his patience was an 
_ example. There is no subtle mystery about why he was so loved 
_and respected at Cornell, nor why he accomplished so much. His 
ways were ways of peace, and his achievements were a series of 
creative victories. He was a strong man, so strong that we honer 
his memory tonight. He has gone, but the influence of his life lives. 
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During the year 1908 it became apparent that owing to the fast 
increasing traffic in the New York subway, it would be necessary to 
have additional power available for the winter of 1909-1910. 

2 The power plant of the Interborough Rapid Transit Company, 
which supplies the subway, is located on the block bounded by 58th 
and 59th Streets, and by 11th and 12th Avenues, adjacent to the 
North River; it contains nine 7500-kw. (maximum rating) engine 
units, besides three 1250-kw. 60-cycle turbine units which are used 
exclusively for lighting and signal purposes. 

3 The 7500-kw. units consist of Manhattan-type compound 
Corliss engines, having two 42-in. horizontal high-pressure cylinders 
and two 86-in. vertical low-pressure cylinders. Each horizontal 
high-pressure cylinder and vertical low-pressure cylinder has its con- 
necting rod attached to the same crank, so that the unit becomes a 
four-cylinder 60-in. stroke compound engine with an overhanging 
crank on each side of a 7500-kw. (maximum rating), 11,000-volt, three- 
phase, 25-cycle generator. The generator revolving field is built 
up of riveted steel plates of sufficient weight to act as a flywheel for 
the two engines connected to it. This arrangement gives a very 
compact two-bearing unit. The valve gear on the high-pressure 
cylinders is of the poppet type, and on the low-pressure of the Corliss 
double-ported type. 


4 The condensing apparatus consists of barometric condensers, 
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arranged so as to be attached directly to the low-pressure exhaust 
nozzles, with the usual compound displacement circulating pump 
and simple dry-vacuum pump. 

5 These engine and generator units are in general probably the 
most satisfactory large units ever built, as five years’ experience with 
them has proved. Their normal economic rating is 5000 kw., but they 
operate equally well (water rate excepted) on 8000 kw. continuously. 

6 In considering the problem of how to get an additional supply 
of power, every available source was considered, but by a process of 
elimination only two distinct plans were left in the field. 

7 The electric transmission of power from a hydraulic plant was 
first considered, but owing to the high cost of a double transmission 
line from the nearest available water power, and the impossibility 
of getting reliable service (that is, service having a maximum total 
interruption of not more than ten minutes per annum) from such a 
line, further consideration of this plan was abandoned. 

8 The gas engine, while offering the highest thermodynamic 
efficiency, at the same time required an investment of at least 35 
per cent more than an ordinary steam-turbine plant, with a probable 
maintenance and operation account of from four to ten times that of 
the steam turbine. 

9 The reciprocating-engine unit of the same type as those already 
installed, was rejected in spite of its most satisfactory performance, 
on account of the high first cost and small range of economical opera- 
tion. Reference to Fig. 5, Series A, will show that the economic 
limits of operation are between 3300 kw. and 6300 kw.; beyond these 
limits the water rate rises so rapidly as to make operation undesirable 
under this condition, except for a short period during peak loads. 

10 The choice was thus narrowed down to either the high-pressure 
steam turbine or the low-pressure steam turbine. There was suffi- 
cient space in the present building to accommodate three 7500-kw. 
units of the high-pressure type, or a low-pressure unit 2f the same 
size on each of the uine engines, so that the questions of real estate 
and building were eliminated from the problem. 

11 The first cost of a low-pressure turbine unit is slightly lower 
than that of a high-pressure unit, due to the omission of the high- 
pressure stages and the hydraulic governing apparatus, but the cost of 
the condensing apparatus would be the same in both cases. The 
foundations and the steam piping in both cases would not diffe: 
greatly. The economic results, so far as the first cost is concerned 
would then be approximately the same, if we consider the genera! 
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case only; but in this particular instance the installation of high- 
pressure turbines would have meant a much greater investment 1, 
for foundations, flooring, switchboard apparatus, steam piping and — 
water tunnels, amounting to an addition of not less than twenty-five — 
per cent to the first cost. 

12 The general case of displacing reciprocating engines and install- 
ing steam-turbine units in their place was also considered. The best 
type of high-pressure turbine plant has a thermal efficiency approxi- 
mately 10 per cent better than the best reciprocating-engine plant, ; 
but the items of labor for operation and for maintenance, together 
with the saving of about 85 per cent of the water for boiler-feed pur- — : 
poses and the 10 per cent of coal, reduce the relative operating and | 
maintenance charges for the steam-turbine plant to 80 per cent, as 
compared with 100 per cent for the reciprocating-engine plant. 

13 Assuming that the reciprocating engine plant is a first-class - 
one and has been well maintained, about 20 per cent of its original 
cost (for engines, generators and condensers) may be realized on 
the old plant and so credited to the cost of the high-pressure turbine 
plant. But on the other hand, if the high-pressure turbine installa- 
tion is to receive credit for the second-hand value of the engines, it 
must also have a debit charge for 100 per cent of the original recipro- 
cating-engine plant which it displaced. The relative investments, 
therefore, upon this basis would be approximately equal for 
the high-pressure or the low-pressure turbine; but 80 per cent of the 
cost of the original engine plant would have to be charged against 
the high-pressure turbine plant, as against an actual increase in 
value (to the owner) of the engine by reason of its improved thermal 
efficiency due to the addition of the low-pressure turbine. 

14 The preliminary calculations, based upon the manufacturers’ - 
guarantees for the low-pressure and high-pressure turbines showed | 
that the combined engine-turbine unit would give at least 8 per cent — 
better efficiency than the high-pressure turbine unit, so that it was — 
finally decided to place an order for one 7500-kw. (maximum rating) 
unit, as by this means we would not only get an increase of 100 per 
cent in capacity, but at the same time give the engines a new lease 
of life by bringing them up to a thermal efficiency higher than that. 
attained by any other type of steam plant. 7 

15 Theturbineinstalled (Fig. 1) is of the vertical three-stage impulse 
type, having six fixed nozzles and six which can be operated by hand, 
so as to control the back pressure on the engine, or the division of | 
oad between engine and turbine. An emergency overspeed governor 
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which trips a 40-in. butterfly valve on the steam pipe connecting 
the separator and the turbine and at the same time the 8-in. vacuum 


te 


Fic. 1 
breaker on the condenser, is the only form of governor used. The 
footstep bearing, carrying the weight of the turbine and generator 

_ rotors, is of the usual design supplied with oil under a pressure of 
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600 Ib. per sq., in. with the usual double system of supply and an 
accumulator to regulate the pressure and speed of the oil pumps. 

16 The condenser contains approximately 25,000 sq. ft. of cooling 
surface arranged in the double two-pass system of water circulation, 
with a 30-in. centrifugal circulating pump having a maximum capac- 
ity of 30,000 gal. per hr. The dry vacuum pump is of the single- 
stage type, 12-in. and 29-in. by 24-in., fitted with Corliss valves on 
the air cylinder. The whole condensing plant is capable of main- _ 
taining a vacuum within 1.1 in of the barometer when condensing 
150,000 lb. of steam per hr. when supplied with circulating water at 
70 deg. fahr. 7 

{7 The electric generator is of the three-phase induction type, — 
star-wound for 11,000 volts, 25 cycles and a speed of 750 r.p.m. — 
The rotor is of the squirrel-cage type with bar winding connecting 
into common bus-bar straps at each end. This type of generator 
was chosen as being speciajly suited to the conditions obtaining | 
in the plant. 

18 With nine units operating in multiple, each one capable of 
giving out 15,000 kw. for a short time, operating in multiple with 
another plant of the same size, it is evident that it is quite possible 
to concentrate 270,000 kw. on a short circuit. If we proceed to add 
to this, synchronous turbine units of 7500-kw. capacity, which, owing 
to their inherently better regulation and enormous stored energy, 
are capable of giving out at least six times their maximum rated 
capacity, the situation might soon become dangerous, as it would be 
impossible to design switching apparatus which could successfully 
handle this amount of energy. The induction generator, on the other 
hand, is entirely dependent upon the synchronous apparatus for its 
excitation, and in case of a short circuit on the bus-bars would auto- 
matically lose its excitation by the fall in potential on the syn- 
chronous apparatus. 

19 The absence of fields permits the simplest possible switching 
apparatus, as the induction generator leads are tied in solidly through 
knife switches, which are never opened, to the main generator leads. 
The switchboard operator has no control whatever over the induc- 
tion generator, and only knows it is present by the increased output 
on the engine generator instruments. 

20 The method of starting is simplicity itself—the exciting cur- 
rent is put on the engine generator before starting the engine, and then 
the engine is started, brought up to speed and synchronized in exactly 
the same way as before. While starting in this way, the induction 
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generator acts as a motor until sufficient steam passes through the 
engine to carry the turbine above synchronism, when it immediately 
becomes a generator and picks up the load. Three of these 7500-kw. 
low-pressure turbine units have been installed (see Figs. 2 and 3) 
and tests run on Nos. 1 and 2. No. 3, having been just started, has 
10t yet been tested. 

21 Instead of inserting in this paper the enormous accumulation 
of data incident to these tests, we added an Appendix to the paper 
in the hope that it would thus be more accessible for reference, the 
itself reasons for this type of 


22 The tables and curve sheets are as follows: 

Series A: Engine tests made in connection with acceptance 
tests, and also later to determine best conditions for 
operation. 

Series B: Calculations and data furnished by turbine manu- 
facturer to determine probable results when combined with 
engine data obtained in Series A. 

Series C: Tests on No. 1 combined unit. This unit was 

. hurriedly put into commission in order to obtain results 
to determine future developments. To get the piping 
done, old riveted steel pipe was used which was very 
leaky under vacuum. Results are valuable however as 
showing the effect of vacuum on performance as com- 
pared to Series E and F. Quality of steam entering 
turbine also poor. 

Series D: Tests of No. 2 unit, with poor vacuum and poor 
quality of steam entering turbine. 

Series E and F: Tests on No. 2 combined unit; conditions 
of vacuum and quality of steam entering turbine nearly 
standard, so that corrections are small. 

23 In all results, except where specially noted, moisture correc- 
tions are simple corrections, i. e., for each percentage of moisture 
- only a one per cent correction has been made. Vacuum corrections 
for the combined unit are 1 lb. for each inch variation from 28.5 
in. when referred to 29.92 in.* barometer. 
24 The first point which presents itself fin view of the remark- 
able 1 nomen of these tests, is the question of accuracy oi ‘measure 


| ; data acquired during the tests, with sufficient explanation to make 
; their meaning clear without reference to the text. 
A. 
t 
+ ? 


~NGINE-TURBINE UNIT 


\ 


6 


STEP BEARING PUMP. 


TEST OF A 15,000-KW. STEAM- 


INE SHAFTS 


Fie. 2. Enp ELevaTIon aND Puan ov AND Low-Pressuns Tursine Units; Srazer Sration, Rarip Transit Company 


corm 


£..2@-9 


# 


IG ry. \ ‘ 


THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS VOLUME 32 


‘ 


CTIONS 


TRANSA 


La Ty pT | | | | | | 


7 
‘TRANSACTIONS THE AMERICAN SOCIET 


Y OF MECHANICAL ENGINEERS VOLUME 2 . 


75225 


| 


78 et 


=. 


— gt { tf 
| | | | | 
5 \% i \o | 4 
Fria. Sipe Fcevation or Enatne anv Low-Pressure Torsine Units; Street Station, INTeERBOROVGH Rapip TRANsIT CoMPANY 
- 


G, STOTT AND R. J. 8. PIGOTT 75 


ment. The actual unit water-rate is dependent upon three factors 
only: quality of steam entering the engine, kilowatt load, and weight 
of water per hour. The quality of high-pressure steam is easily and 
accurately determined by means of the ordinary throttling calorim- 
eter. The load on the machines was determined by means of nine 
integrating meters: two meters each on turbine, engine and total 
load, connected by the 2-meter method; one balanced 3-phase meter 
each on turbine, engine, and total load. Each meter was calibrated 
once a week, and the error was always within one-half of 1 per cent. 

25 The weight of water from the turbine hot-well was determined 
by a pair of 40,000-lb. standard platform scales, with a recording de- 
vice in addition to the hand weighing. The load was about 25,000 lb. 
per scale, the limitation being the size of the tanks on the scales. 
These scales are graduated to 5 lb. and will balance to 2or3 lb.,so that 
the error in reading is negligible. Receiver trap water and low-pres- 
sure separator water were weighed together on a pair of 2000-lb. 
platform scales, reading to 4 lb. All scales were calibrated with 
standard 50-lb. weights before testing. 

26 The actual trap water weight was obtained by interposing a 
l-in. Venturi meter with recording device in the line to the scales; this 
was also calibrated by scales and found correct to less than 1 per cent, 
and the low-pressure separator water obtained by difference. 

27 For examination of thermodynamic conditions within the ma- 
chines, the most important determination is that of the quality of low- 
pressure steam to the turbine, since on this depends one of the impor- 
tant corrections to guaranteed conditions. ‘There were 10 experimental 
data available that we could discover, bearing on low-pressure quality 
determinations, so the investigation was made incidental to the tests, 
from which the following was established. The ordinary standard 
perforated pipe sampler is absolutely worthless in giving a true 
sample, and it is vital that the sample be abstracted from the main 
without changing its direction or velocity until it is safely in the 
sample pipe and entirely isolated from the rest of the steam. Multiple 
orifice nozzles are of no use, as in all cases one orifice will supply 
practically all the steam, leaving the others useless. After much 
experimenting with various styles of samples, all of which were fail- 
ures, the single orifice curved tube (Fig. 4) was adopted. 

28 The reason for failure of other styles is plain; if any sudden 
turn is made by the wet steam in entering the sample nozzle, the 
entrained moisture, by reason of its immensely greater specific gravity 

and slight skin friction in the tenuous surrounding fluid, will continue 
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with unchanged direction and a dry sample will enter the nozzle. In 
other words, the sampler becomes a very fair separator. Again, if 
the velocity in the sampler is greater than that in the main, even 
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Drain 
Fie. 4 Low-Pressure CALORIMETER 
though there be no separating action with the proper sampler, the 


steam will accelerate into the nozzle, and the moisture will not, giving 
a dry sample; and the reverse is true if the velocity is less in the sam- 
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pling nozzle than inthe main. The reason this very simple action has 
not been noted in connection with high-pressure steam is the smaller 
difference in specific gravity of water and steam, the enormously 
greater skin friction and the small percentage and highly-divided 
state of the moisture present. 

29 The successful types of calorimeter for very wet steam were the 
Thomas electric, and a combination of a separating calorimeter with 
a throttling calorimeter (Fig.4). By the use of theseparating calorim- 
eter most of the moisture was removed, and the small remainder 
was registered by the throttling calorimeter. At first glance it seems 
as if, with an initial pressure of 12 Ib. to 20 lb. absolute, the throt- 
tling calorimeter has no capacity, but by putting a vacuum of 28 in. on 
the discharge side of the calorimeter, an available heat is obtained suf- 
ficient to evaporate 2 or 3 per cent of moisture. When the moisture 
became less than this, we used the throttling calorimeter direct, 
eliminating the separating calorimeter altogether. ‘The separating- 
throttling combination was afterward tested for radiation loss and 
found to lose less than 0.1 per cent at proper flow. Fig. 4 shows this 
combination instrument. The large size is necessary on account of 
the very high specific volume of steam at low pressure. 

30 Referring to Fig. 4, the 2-in. brass nozzle on the sampler is 
arranged to point in exactly the opposite direction to the steam flow; 
the lip of the nozzle is filed to a knife-edge to avoid disturbing the 
steam current around the sampler mouth by impact and eddies against 
a sensibly thick lip. The diameter of the brass nozzle is carefully 
measured and, if necessary, reamed smooth. This form of sampler 
fulfills the requirements noted above; it takes out the sample with- 
out disturbing its direction, by virtue of its position and knife-edged 
orifice, and the velocity can be kept correct by determining the 
flow from the following simple formula: 

Wa 
w= 


A 


where 


lb. per hr. flow through calorimeter 
lb. per hr. flow through steam main 
area of sampler nozzle 
A = area of main 

The sampler is allowed to extend into the pipe one-sixth of the pipe 
liameter, which has been found to give practically true average flow. 

31 The }-in. valve at the sampler is opened wide, and the }-in. 
ever cock between separating and throttling calorimeters is used to 
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regulate the flow, the throttling action taking place at this point. The 
rest of the calorimeter is under vacuum, the discharge being connected 
to a small cooler to condense the steam and then to a volumetric 
measuring tank. The top of this tank, which is entirely closed except 
for the pipe connections, was connected with the turbine condenser 
by a }-in. pipe, which gave an available vacuum of over 28 in. without 
affecting the measuring in any way. The spy-glass is very useful in 
proving that the calorimeter is working properly, for when the super- 
heat in the throttling calorimeter gets below 6 or 8 deg. it sometimes 
happens that some moisture goes by, in which case the spy-glass 
immediately shows it up, no matter how small the quantity. As the 
spy-glass is most conveniently made of 3-in. gage glass, more area is 
required to take away the steam from the calorimeter, and this was 
done by adding a by-pass of 1l-in. pipe around the spy-glass. This 
allows free flow to take place and does not affect the function of the 
glass. 

32 The percentage of moisture taken out by the separating por 
tion of the instrument divided by the total percentage of moisture 
gives the efficiency of the separating calorimeter, which turns out 
to be much lower than is ordinarily supposed, from 60 to 80 per cent. 

33 For the rest of the measurements steam pressures throughout 
were taken with high-grade thermometers, graduated to 1 deg. and 
in many cases as low as 0.2 deg., as these are inevery case preferable 
to gages for saturated steam. All pressures below 15 lb. gage and all 
vacua were measured by mercury column in addition to temperatures. 

34 The net results obtained by the installation of low-pressure 
turbine units may be summarized as follows: 

a An increase of 100 per cent in maximum capacity of plant. 

b An increase of 146 per cent in economic capacity of plant. 

c A saving of approximately 85 per cent of the condensed steam 
for return to the boilers. 

d Anaverage improvement in economy of 13 per cent over the 
best high-pressure turbine results. 

e An average improvement in economy of 25 per cent (between 
the limits of 7000 kw. and 15,000 kw.)over the results 
obtained by the engine units alone. 

f An average unit thermal efficiency between the limits of 

6500 kw. and 15,500 kw. of 20.6 per cent. 
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APPENDIX 
TABLES, DIAGRAMS AND FORMULAE 


Table 1, Steam to Auxiliaries, includes for tests 25, 22, 24, 21, 23 and 26 
the circulating water pump steam only; test 27, circulating water pump and 
dry vacuum pump; test 29, circulating water pump, dry vacuum pump and 
boiler feed pump; test 30, boiler feed pump alone. 

Fig. 15 and Fig. 15a show variation of points is due to errors in earlier 
low-pressure calorimetry, before the standard instruments were settled upon. 

Table 12, the column of unit water-rate total correction, is based on a 
standard vacuum of 28.72 in. instead of 28.5 in., as the higher figure was 
the average vacuum of the series of tests. Consequently the absolute amount 
of correction was reduced, which is of course very desirable, in view of the 
uncertainty of correction factors. 

In Fig. 18 these water rates are uncorrected for moisture, etc. 

In Fig. 36 the calorimeters were drawn for the sake of clearness as if they 
were situated at some distance from the sampling points; actually they were 
as in Fig. 5. 

Figs. 37, 38 and 39 serve to show the variation in load between engine and 
turbine and the effect of change of efficiency of the two machines. 


ForMULAE AND CONSTANTS 


Two high-pressure cylinders 42 in. by 60 in., 9-in. rod 

Two low-pressure cylinders 86 in. by 60 in., 10-in. rod 

t.p.m. 75 

Two 14-in. steam mains 

Two 16-in. high-pressure exhausts 

Two 30-in. low-pressure exhausts 

Clearances 

{ligh-pressure head 9.5 per cent. Crank 10 per cent 

low-pressure head 4.77 per cent. Crank 4.78 per cent 

\verage total volume high pressure 51.7 cu. ft. 
low-pressure 209.9 cu. ft. 

\verage displacement high pressure 47 cu. ft 
low-pressure 200.3 cu. ft. 

h.p. constant. High pressure 15.38. Low pressure 65.57 (average). 
\ll combined ecards worked out on average basis. Marks and Davis tables 
ed for steam data. 
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TABLE II 
= Rankine thermal eflicieney, cyclic 
Engine thermal efficiency 


Heat in initial steam at pressure p; quality x (total per hour) 
Heat in steam at po, x2, after adiabatic expansion from p,, 7 (total per 
hour) 


Ey = = engine efficiency referred to 


1 tr 
No heat recovered 


TABLE III 


= pressure and volume at high-pressure cut-off, Ib. per sq. in. and eu, 
ft. 
= pressure and volume at high-pressure compression 
= specific density at py 
= specific density at 
= W, Ib. indicated steam per stroke 
~ = indicated water rate (i.w.r.) 
i.h.p 
i.w.r. (I1+y) = actual water rate (a.w.r.) 
y = 1.29 (r—1.06) kw. X 1.465 = ih.p. yd 
51.7 J 
r = ~~. for high-pressure cycle = ratio of expansion 


a 


TABLE IV 


Q. = Total dry steam per hour to engine 

Q¢ = Trap water per hour eas - 

X. = low-pressure exhaust quality wee 

(Qe — Qt) Xe = dry steam to turbine, 


Tastes VI VII 
X+ = quality of steam to turbine after passing separator 
1 — X; = W, wetness of steam to turbine after passing separator 
Ke = engine kilowatt output : 
K, = turbine kilowatt output 
Q. = dry steam to unit per hour 
e 

Ke + Kt 
Q: = trap water per hour 

= separator water per hour a — 


t ° » 
= actual turbine water rate, W; 


= actual water rate W for unit 


= high-pressure quality 
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¢ py, 
de = actual engine water rate, We. “ 


OK, 
> : .. =unit water rate, corrected for moisture in turbine steam, VV 
Ky (1+ W) 

W’ — (28.5—p’;:) = W” total corrected unit water rate - 

_ p's = actual vacuum obtained, in mercury 

, 

raBLes IX X 

All throttling calorimeters. 


K (T—t2:) —Q 
calorimeter discharge pressure 


M= H, = total heat per lb. saturated steam at pz, 


Ny = quality 


K separator heat superheated steam at ps, 7' 


ll 


T = temperature superheated steam in calorimeter 


All separating calorimeters. 


W 
aka : : ts = temperature saturated steam at 
W mT f Pe 
Q = heat per lb. of the liquid hp 
L = latent heat vaporization per lb. at p; if 7 
Wm = moisture 
= 


All combustion separator-throttle calorimeters. 
X, X, = X, combined quality 
Thomas electric calorimeter 


W 
L 
= watt-hour input 
W = lb. steam flow _ 
K = as above 
T = as above 
t = saturated steam temperature at p 
L = latent heat per lb. at p 
X = as above OO 
c! Taste 
See TaBies VI anv VII 
Tapues XIII, XIV 
% = —— for engine turbine or uni 
t Hy 
kw. 3412 
E,’ = Y Q for unit and turbine only | 
na 
hy = thermal efficiency no heat recovered 


iy’ = thermal efficiency hot-well heat recovered 
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‘ABLE 2 SERIES ; 
TABLE 2 SERIES A gece 


Pa 
25 3100 1205 840 | 30.3 | 15.7 §1.7 0.9 71.4 12.0 
d 22 4008 1202 865 28.0 16.7 59.6 1.3 | 70.0 | 12.0 
24 4977-1204 866 28.1 16.5 58.1 13 | | 3.0 
5984 866 27.1 16.3 58.2 1.1 70.6 
23 6772 1203 875 | 28. 15.4 56.4 1.0 71.6 2 
4992 1205 865 15.8) 86.0 71.2 
: 26 4970 1204 866 | 28.1 | 16.3 | 88.1 | [1.3 | 70.8 | 12.0 
7 29 4976 1205 866 28.1 16.4 58.6 {1.2 70.4 12.0 
4970 1206 866 28.2 16.4 658.1 hs 70.5 120 
31 3988 =: 1205 1017_— «15.6 10.3 66.2 (1.1 76.6 12.0 Non-condensing 
32 4980 1204 «1017 «15.5 1.0 76.0 12.0 Non-condensing 
él 30 4961 1200 875 27.1 | 16.0 59.7 1.1 | 7.9 | 12.0 


VARIATION OF WATER-RATE 
& BEST RECEIVER PRESSURE 
WITH LOAD. 

* ORIGINAL ENGINE 
A:-WATER RATE 
8:-RECEIVER PRESSURE 
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HEAT DISTRIBUTION AND ENGINE LOAD 
THERM, EFF. REF'D TO RANKINE 
~ RADIATION AND CONDENS. LOSS 
HEAT TO DRAINS 
THERMAL EFFICIENCY 
ELEC. AND MECHANICAL LOSS 


HEAT DISTRIBUTION PER CENT 


3000 4000 5000 6000 


ENGINE LOAD Kw. 
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DETERMINATION-OF MISSING WATER. 
A:-VARIATION ACTUAL WATER RATE AND I. P. 
B:- ” INDICATED + ” ” ” 
;}c- » RATIO OF EXPANSION 
FORMULA Y=C(r—-@) 
SOLUTION Y= .129( Tr — 1.06) 


LBS. ORY STEAM PER H. P. PER HR. 


WATER RATE 


RATIO OF EXPANSION 


LOAD 1. H. P, 


Fig. 8 Series B 
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TABLE 4 SERIES B. 


Carps Low Pressure Exsavust Quauity Data 


> 


= : Qo 
A 105000 93.2 2.5 37 9.5 ....... 2.76 90.6 84.4 88600 Variable 
B 126600 94.3 3.0 2.47 90.9 85.7 108500 nozzle 
C 157300 3.5 2.26 91.4 86.9 136700 press. 
D 191100 95.9 4.0 2.10 91.6 87.8 167800 
E 221400 96.2 40 oj} i...... 1.98 91.9 88.4 195600 
= 
F 117400 96.8 3.0 60 20 17.5 3.30 908 84.5 99200 Constant 
G 152700 3.5 60 17.5 2.94 90.5 85.5 130600 nozzle 
H 188500 94.4 4.0 60 «28 17.5 2.46 90.8 86.9 163800 press. 
I 221700 93.1 4.0 60 27 17.5 198 91.6 88.7 196600 — a 


REMARKS AND FORMULAE a 
Tests 21-29 inclusive, 8 hr. 
Tests 31-32, 8 hr. atmospheric exhaust non-condensing 
t.h.p. 
= 1.465 
kw. 
51.7 
for high-pressure card = ratio of expansion 
a 
y = 0.129 (r — 1.06) = missing water 
w = specific density at p 
WaXVg=™ WeX Ve=W2 Wi 
Ws X 60 4 75 


= j.w.r. at high-pressure cut-off 
i.h.p. 


iwor. (1 + y) = a.w.r. per th.p-hr. 


VARIATION OF MISSING WATER 
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SERIES B. 
{ASSUMED CARDS VARIABLE 
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20}; 90 
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A:- ENGINE WATER RATE 
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VARIATION OF TURBINE WATER 
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VARIATION OF UNIT WATER= 

RATE WITH LOAD 
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A:- CONSTANT NOZZLE PRESSURE 

16.8. ABS, 

B:- VARIABLE NOZZLE PRESSURE 

ALL NOZZLES OPEN : | 

oo 

a 


B 


POUNDS DRY STEAM PER KW.HR. 


= 


ae 


~ 


8000 9000 10000 11000 12000 13000 
—_ UNIT LOAD-KW. 
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SUPPLIED TO UNIT 
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VARIATION OF HEAT- DISTRIBUTION 


WITH UNIT LOAD VARIABLE NOZZLE 
PRESSURE, 


UNIT THERMAL EFFICIENCY 


PER CENT HEAT SUPPLIE 


ENG, EFF, 
i 


RADIATION AN 


TO HOT WELL 


10000 11000 12000 13000 14000 15000 
UNIT LOAD-KW. 


25 Series F 
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SERIES E TEST 38 ! 
| CONSTANT NOZZLE PRESSURE | 
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SERIES F-TEST 60 
VARIABLE NOZZLE PRESSURE 
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DISCUSSION 


W. L. R. Exuer. The operation of stations by turbines alone 
is simpler and generally more economical than that of stations 
which use reciprocating engines and there are many cases where it 
might be better to install high-pressure turbines instead of coupling 
low-pressure turbines with existing reciprocating engines. The 
results shown in Mr. Stott’s paper, however, should demonstrate to 
many station managers that they cannot afford to run reciprocating © 
engines alone when such an improvement can be accomplished by the 
addition of low-pressure turbines. I regret that Mr. Stott has not 
dwelt at more length upon the saving in investment and operation 
which has been effected by this installation, although his tests and 
explanations afford most of the data necessary for such comparisons. — 
The increase of firing capacity due to the changes made in many of 
the boilers sometime ago has also contributed greatly to the remark- 
able improvement in this plant. Comparisons of the original condi- 
tious-with the ultimate development of the present plan afford a 
very striking example of what can sometimes be done with an old — 
station. | 

The results in steam consumption shown by Mr. Stott’s tests 
are very decidedly better than the best results ever accomplished 
with turbines alone, the advantage in water rate amounting to about 
2 Ib. per kw-hr. as compared with the best turbine results. While 
it is possible that this station will never produce power commer- 
cially more cheaply than the best modern turbine stations are now 
doing with equal fuel, the great value of this installation will be 
apparent when the enormous investment saving is considered. 

Some of the curves given in the paper would seem to indicate 
‘hat the results accomplished by the turbines were inferior to those — 
vuaranteed or expected, whereas in fact all guarantees and expecta- 
‘ions have been rather exceeded. The reason for this apparent 7 


crepaney is that Mr. Stott has not made allowance for the losses 
troduced by the presence of moisture in steam entering the turbines, 
whereas the guarantees on the turbines were based upon dry steam. 

\lr. Stott has reported the facts as they exist and as they are in- | 
‘uenced by such methods of moisture separation as he has used. If a 
115 
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curves would be much better and it is probable that with more experi- 
ence, an almost complete absence of moisture in the turbine steam can 
be provided for. 


Max Rorrer. One matter of practical interest is the elimination 
of the moisture and oil from the steam during its passage from the 
ngine exhaust to the turbine inlet. Tests 45 to 62 seem to show 
that the moisture remaining in the steam, as it entered the turbine, 
amounted to an average of over 4 per cent. Can it be assumed 
that this may be reduced to zero without re-heating or increased 
pressure drop? If not, then the inefficiency of the separation must 
be considered as one of the losses inevitable in an installation of this 
kind, and corrections for moisture entering the turbine should prop- 
erly be omitted, as such losses would be on a par with the losses in 
the low-pressure stages of a high-pressure turbine, due to the water 
of liquefaction delivered to them from the high-pressure stages. It 
is not the same as a correction for moisture in the steam as origin- 
ally delivered to the engine, for the engine and low-pressure turbine, 
with their necessary connecting elements, must be considered as a 
single unit and it is proper to correct only for conditions due to the 
imperfection of external apparatus serving the unit. For instance, 
while a correction for moisture in the steam would be made in testing 
an engine as a unital piece of apparatus, no such correction would be 
made in testing, as a unit, the complete plant of such engine and its 
boilers. The correction of 1 per cent in consumption per 1 per cent 
of moisture delivered to the turbine is the usual full allowance for 
the internal losses caused by such moisture; as obviously no deduc- 
tion of the moisture itself can be made, this having been already 
allowed for in determining the dry steam delivered to the engine. 
This correction of 1 per cent is thus equivalent to the customary cor- 
rection of 2 per cent in consumption per 1 per cent of moisture, as 
applied to a high-pressure turbine performance. The elimination of 
oil probably has a greater effect on the maintenance of the efli- 
ciency of the turbine and surface condenser than of the boilers. 

- Qne of the most interesting features of the paper is the compar- 
ison of this engine and low-pressure turbine installation with an 
installation of high-pressure turbines. It is not clear whether th: 
high-pressure turbine referred to by Mr. Stott is one of a capacity 
equivalent to that of the low-pressure turbine only, or to that of th 
combined engine and low-pressure turbine unit. The latter woul 
certainly be proper and seems to be that considered by Mr. Stott in 
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his statements regarding relative costs (Par. 11); but the high-pres- 
sure turbine efficiencies stated in Par. 40d and Fig. 28a, Series 
E and F, are apparently those of a considerably smaller machine. Nor 
is it quite proper to compare the efficiencies of two units on the basis 
of the test performance of one as against the guaranteed efficien- 
cies of the other. A business man will not guarantee more than nec- 
essary, nor will he guarantee under any circumstances the best he 
can hope to do under test. Furthermore, a slight change in oper- 
ating conditions might materially affect such a comparison. For 
instance, the majority of modern high-pressure turbine plants oper- 
ate with some superheat, of which the high-pressure turbine can 
take greater advantage than can the engine and low-pressure turbine 
unit. The frequency of the turbo-alternator, in so far as it deter- 
mines the speed of the turbine, will also exercise some influence upon 
the results. At the 59th Street station the slow speed of 750 r.p.m. 
is somewhat unfavorable to the turbine. A higher turbine speed 
would, in the case of the engine and low-pressure turbine unit, increase 
the efficiency of the turbine only; that is, theimprovement in efficiency 
would apply only to about one-half of the total load of the unit; 
whereas, in the case of a high-pressure turbine of a capacity equivalent 
to that of the combined unit, the improvement in efficiency would 
apply to the full output of the machine. The comparative operating 
expenses must also be considered, and these are unquestionably lower 
for the high-pressure turbine than for the combined unit. 

For the purpose of comparing the steam consumptions of the 
two types of apparatus, the final results given in Table 12, Series 
i) and F, have been replotted herewith on Fig. 40 and curve A drawn 
through the points. This curve therefore shows the steam consump- 
‘ion of the combined unit, corrected to dry saturated steam at the 
engine throttle at 180 lb. gage, dry saturated steam at the low-pres- 
sure turbine throttle at variable pressure, and a vacuum equivalent 
(o 283 in. referred to a 29.92 in. barometer. Curve B refers to a 
iigh-pressure turbine unit operating with dry saturated steam at 180 
‘bh. gage and a vacuum of 283 in. referred to a 29.92 in. barometer, at a 

peed of 750 r.p.m., and having a capacity about equivalent to that of 
the combined engine low-pressure-turbine unit. This latter curve 
-.0ws the steam consumptions it would be perfectly safe to expect 
from such unit under test, and it is probable that a consumption 0.3 
t. 0.4 of a pound lower would be attained. Im making guarantees, 
from 1 to 14 lb. per kw-hr. would be added. A comparison of 
t.ese curves would indicate that the average difference of 8 per cent 
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as given by Mr. Stott in Par. 14 is ample, and 13 per cent as given 
by him in Par. 40d too high. 

To indicate the effect of a change in operating conditions, 
curves A and B (Fig. 41 herewith) have been plotted to show the per- 
formance of the units when operating under the conditions above 
mentioned, except that the steam is superheated 100 deg. fahr. It 
will be noted that the advantage of the combination as against the 
single unit is materially lowered. 

That the high-pressure turbine consumptions, as shown by the 
curves, are reasonable is proved by a recent unassailable test of this 
type of turbine, with steam at 180 lb. gage, superheated 100 deg. 


Variation of Unit Water 
Rate with Load 
A-Engine Turbine Tests 45 to 62 
Corrected. Variable Nozzle 


Pressure. Curve Plotted from 
Table 12. Series E and F 
Columns 2 and 15 

B-High Pressure Condensing 
Steam Turbine. 


2 
2 
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Load in Kw F 
Fig. 40 Resutts TaBLe 12, Series E anp F 


-fahr., and a vacuum of 28} in. referred to a 29.92 in. barometer 
which showed a consumption of 14.02 lb. per kw-hr.; the turbine 
_ having a normal capacity of only 4000 kw. at 1800 r.p.m. 

An improvement in efficiency of 13 per cent in the 59th Street 
plant would seem almost to warrant a combined engine and low-pres- 
- sure turbine unit as an initial installation, and it would beinteresting 
to learn whether Mr. Stott would consider such an installation for 
extensions of this plant beyond the capacity obtainable by adding 
low-pressure turbines to all of the existing engines. 

The conditions for which low-pressure turbines are being con- 
sidered have multiplied much more quickly than anticipated. 
For instance it has been proposed to operate a turbine by means 
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of steam from natural geysers, which is perfectly feasible. The 
steam would be obtained by passing the hot water through vessels 
in which a pressure drop would take place and part of the water be 
evaporated. With such an arrangement it would be necessary to 
handle 30 to 50 lb. of water to obtain 1 lb. of steam at a pressure 
slightly below atmosphere. 

Another use for low-pressure turbines is that of generating 
power from hitherto wasted industrial steam. For instance, a tur- 
bine is now being installed in an automobile tire factory where the 
retorts used for vulcanizing are filled with high-pressure steam for a 
certain period, the major portion of this steam being then blown out 
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Fig. 41 Curves A anp B, SHow1NnG PerrormMaNnce or UNITS WHEN — 
OPERATING UNDER GIVEN CONDITIONS - 
into the air before the retorts are opened for re-charging. This steam 
will henceforth be collected in a receiver, in which its pressure will 
drop approximately to atmospheric, and from which it will be de- 
livered to a low-pressure turbine for use. The supply of steam is 
ilmost constant and will generate 1000 to 1200 kw., the only cost 
being the fixed charges, labor, and the water required for condensing. 
Every improved method or appliance is exposed to the danger 7 
o| being retarded in the progress it really merits by a few ill-advised 
applications, and there are conditions under which it would be better 
uot to advocate low-pressure turbines as additions to reciprocating 
engines. In almost all instances figures will show a saving of steam 
as achievable by such combination, but the cost of power production 
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in a great many industrial plants is so small an item compared with 
the other expenses, that a reduction of even 25 per cent in fuel con- 
sumption is frequently insignificant when weighed against other con- 
siderations. 

A low-pressure turbine should not be installed where its steam 
supply depends upon an old and unreliably decrepit engine. The 
proper thing here is an independent high-pressure condensing tur- 
bine. And as a high-pressure condensing turbine of the same cap- 
acity as the engine and low-pressure turbine combined will give so 
nearly the same efficiency as the combination, the boilers and the con- 
densing apparatus will cost about the same for either installation, 
the fuel consumption will be about the same, and the engine can be 
set aside for emergency use. 

There are numerous instances where compound engines are not 
overloaded but underloaded. Many of them are running non-con- 
densing and it is a condenser and not a low-pressure turbine that is 
needed. The beneficial effect of adding a condenser to an under- 
loaded compound engine is two-fold: firstly, it will lower the mean 
effective pressure at which the engine attains its best efficiency and, 
therefore, if the engine is underloaded, it will bring the point of best 
efficiency nearer the running load; and secondly, there is the 
increased efficiency directly due to condensing. 

The installation of a low-pressure turbine may also be a doubt- 

ful expedient in a plant which is being electrified and in which the 
engine is belted or coupled to a lineshaftso that the direct load is de- 
creasing while the electric load is increasing. Of course a generator 
could be added to the engine, and a low-pressure turbine run in con- 
nection with this; but beyond the combined capacity of these it would 
become absolutely necessary to install a new unit. . Under such cir- 
ce the best course would be the installation of a high-pres- 


sure condensing turbine to start with. 


E. F. I recently made some calculations upon thi 
economy of the low-pressure turbine and found in figuring over 
some of the tests quoted an apparent efficiency of 76 to 80 per cent 
of that obtained from the non-conducting engine. I also worked uj 
the efficiencies and steam consumption of the Rankine engine using 
dry steam at a pressure of 15.6 Ib. and exhausting at 28-in. vacuum 
The same calculations were made at other pressures down to abou 
6 1b., as shown in Table 15. Taking the efficiency of the generator « 

83 per cent and the mechanical efficiency of the engine as 90 per cen‘ 
the steam consumption per kw-hr. was obtained. 
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Assuming the ratio of efficiency of the low-pressure turbine to 
that of the non-conducting engine as 63, 67.5 and 72 per cent, the 
steam consumptions per kw-hr. were calculated. Table 15 affords a 
simple means by which steam consumptions may be compared. 


TABLE 15 STEAM CONSUMPTIONS OF LOW-PRESSURE TURBINES AT VARYING 
PRESSURES 


& 
Abs. Press. Temp. at Abs. Press. Temp. at Quality of | Quality of Thermal Eff. 


at Entrance at Exit Steam at Steam at of Non-Cond. 
Entrance deg. fahr. Exit deg. fahr. Entrance Exit Eng. per cent 
15.60 215 1.005 102 1.000 0.8785 15.93 
14.13 210 1.005 102 1.000 0.8827 15.38 
11.53 200 1.005 102 1.000 0.8916 14.23 
9.34 190 1.005 102 1.000 0.9007 13.03 
7.51 180 1.005 102 1.000 0.9125 11.75 
5.99 170 1.005 102 1.000 0.9203 10.48 


Steam per kw-hr. 

of Non-Cond. Eng. Steam Consumption per kw-hr. of Low- 
Calling Mechanical Press. Turbine Assuming Ratio of Act 
Eff. of Eng. 90 per Eff. to that of Non-Conducting Eng. as 


Abs. Press. Steam per h.p-hr. 
at of Non-Cond. 
Entrance Eng. per cent 


cent and Eff. of 63, 67.5 and 72 per cent 
Generator 93 per cent 
15.60 14.72 23.55 33.6 31.4 29.4 
14.13 15.23 24.36 34.8 32.5 30.4 
11.53 16.50 26.40 37.7 35.2 33.0 
9.34 18.09 28.94 40.1 38.6 36.2 
7.51 20.13 32.20 46.0 42.9 40.3 
5.99 32.66 36.26 51.8 48.3 45.3 


Epwarp L. CLtark. A number of cases have arisen where mills 
driven mechanically have desired to increase their power by the use 
of low-pressure turbines. The introduction of the low-pressure tur- 
bine in such places is accomplished in a novel and effective manner 
by tying the electric load and the mechanical load together by means 
of a synchronous motor or generator. The synchronous motor may 
cither be belted or coupled direct to the main lineshaft driven by the 
cugine, and then electrically interlocked with the generator connected 

vith the low-pressure turbine. With this method, the low-pressure 
\urbine requires no governor and merely delivers power in propor- 
ion to the quantity of steam exhausted by the engine. 

It is important in the selection of a low-pressure turbine that it 
> ould be capable of utilizing the entire engine exhaust. In this 
« rangement, the turbine may be regarded as the low-pressure cylin- 
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der of a triple-expansion engine, and manifestly a proper ratio between 
the low-pressure turbine and engine cylinders should be chosen. If 
this feature is not observed, the expansion of the steam will not be 
efficiently carried out or there will be free escape of a part of the steam 
through the relief valve between the engine and turbine. However, 
a properly selected turbine will pick up the electrical load and the 
surplus power that it is delivering will go through the synchronous 
motor, thereby lightening the load of the engine. When the engine 
is thus relieved of a portion of its load, it naturally gives less steam 
to the turbine until the whole system automatically balances be- 
tween the mechanical load and the electric load. 

An important feature of operating the low-pressure turbine 
without a governor is that vacuum comes back on the engine at all 
loads, the amount of this vacuum being proportional to the amount 
of load carried bytheturbine. By thus varying the inlet pressures on 
the turbine and maintaining them below atmospheric pressure, looping 
of the low-pressure card on the engine at light loads is avoided and 
the low-pressure valves operate smoothly and without noise at all 
loads. At the same time, both the engine and turbine run in com- 
bination at maximum efficiency through their entire range, and the 
curves obtained are about as straight as the one in Mr. Stott’s 
test. 

It will be seen that the flexibility of such an outfit is independent 
of the mechanical load and the turbine can accomplish practically 
anything that a high-pressure turbine can accomplish. The gain 
in power with the synchronous motor system amounts to nearly 100 
per cent, due to the fact that the increased rating of the non-conden- 
sing engine over what it is at best economy condensing is approx- 
imately 20 per cent, which should be added to the 80 per cent addi- 
tional power given by the low-pressure turbine. 

Assuming that an engine running under 125 to 130 lb. pressure 
consumes per indicated horsepower 15 lb. steam, condensing, and 21 lb. 
non-condensing, and if we divide the additional steam required when 
running non-condensing by the kilowatts obtained from a low-pres- 
sure turbine, we obtain a kilowatt for very close to 12 lb. additional! 
steam per kw-hr. This must be compared with a water rate of say 
20 lb. on a high-pressure turbine under the same steam conditions. 

An interesting point is that the economies obtained for the 
combined engine and turbine would be equivalent to a consumption 
of about 11 to 11§ lb. per indicated horsepower in steam engine prac- 
tice, so that we better the engine economy over what it is at its best 
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point when run condensing, besides producing a kilowatt for less 
steam than in a high-pressure unit. 

In the majority of cases the low-pressure turbines have been 
installed in plants having from 125 to 140 lb. of steam, and the relative 
gain is just as marked as in the stations carrying 195 lb. of steam and 
high degrees of superheat. 


E. D. Dreyrus. It is interesting to note the remarkable difference 
in Rankine cycle efficiency between the engines and the low-pressure 
turbines. ‘This looks as if there is some opportunity for improvement 
on the low-pressure turbine. Mr. W. B. Flanders of East Pittsburg, 
has made quite a study of turbine efficiencies, and has found that a 
high-pressure complete-expansion turbine operating with 175-lb. 
steam pressure and 100-deg. superheat will give the same Rankine 
cycle efficiency as a low-pressure turbine at the same vacuum and 
using dry saturated steam. 

The gain in economy of 13 per cent, as stated by Mr. Stott, is 
what would be expected when we consider that this unit is operating 
on dry and saturated steam. I must, therefore, differ with Mr. 
Rotter, as I know of no complete-expansion economies on record 
that do not agree in the main with what Mr. Stott has brought 
out. A Rankine cycle efficiency of 703 per cent is possible on a 
complete-expansion machine, but no turbine performance reaching 
this degree of efficiency has to my knowledge been recorded in 
this country. Some have gone as high as 67.8 per cent, but as 
far as I am able to learn, no record of a complete-expansion 
machine has exceeded 70 per cent. 

I am very much interested in observing the results obtained 
with constant and variable exhaust pressure. When this question 
first came up in low-pressure turbine work, variable exhaust pres- 
sure was looked upon with disfavor by some designers and engineers, 
while others advocated this method because of the better results 
obtained with it. It is now quite evident that in the neighborhood 
of 5 per cent additional economy is obtained by running with 
variable exhaust pressure (Fig. 42). As Mr. Stott has stated, it is ob- 
vious that unless the piping and apparatus between the engine and tur- 
bine are in very good condition, good vacuum will not obtain. I find, 
however, that there are a number of low-pressure turbine installations 
where the low-pressure turbine is coupled with two or more compound 
Corliss engines with moderately long connections, and they secure 
a vacuum in the neighborhood of 28$ or 29in. The overall economy, 


A 
4 
| 
= 
4 
> 
i 
« 
J 
= 
q 


124 15,000-KW. STEAM-ENGINE-TURBINE UNIT 


even in the small 1000-kw. units, indicates the same relative gain as 
shown by Mr. Stott’s results. Fig. 10 and Fig. 11 show the desira- 
bility of variable-pressure operation on account of looping of the 
ecards. 

Mr. Stott mentioned in the first part of his paper that the main- 
tenance account of a complete gas-engine plant would be from four 
to ten times that of a turbine station. To the best of our ability in 
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collecting information and judging working conditions, we do not find 
it comes up to this factor, and the same thing is true in England 
according to a paper presented before the Institution of Elec- 
trical Engineers on November 17, 1908. This paper was very thor- 
oughly discussed at London, Dublin and Manchester, both favorab!|: 
and adverse comment being made, but the prevailing opinion seeme 


to be that the maintenance cost of the complete gas plant would no 
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much excced that of the steam turbine plant; in fact, the author 
of this paper claimed it to be the same. When the producer and 
boiler are considered, there is reason for this statement. 

Regarding the statement that the results obtained closely 
approach gas-engine efficiencies, gas-engine coal consumption is 
usually given for 12,000 to 13,000-B.t.u. coal, but considering 14,500- 
B.t.u. coal in both steam and gas plants, a material difference of 20 
to 25 per cent will easily be obtained in favor of the gas equipment 
over the most efficient steam machinery. 

The value of the low-pressure turbine is rapidly bringing about 
its extensive use in connection with the gas engine, employing the 
waste heat of the jacket and exhaust. 

P. Srernmetz. The paper deals with a combination 
of the low-pressure steam turbine with the induction generator, 
which, while possibly not familiar to some, is assuming a very high 
industrial importance. 

The electrical part of the unit, the induction generator, is not 
a new type of machine. Its existence was known and its character- 
istics and behavior investigated and discussed many years ago; but 
only now has the industry developed in such a manner as to give con- 
ditions in which the induction generator is preferable to the synchron- 
ous generator. 

There are two kinds of alternating-current generators: the syn- 
chronous generator, which is the ordinary alternating-current machine 
with which we are familiar, and the induction generator. Construc- 
tively, the stator or stationary structure of both types of alternator 
is practically the same. It comprises a polyphase winding, in 
which the electromotive force is induced by the rotating magnetic 
field, arranged in a laminated structure. The difference between 
the synchronous generator and the induction generator is in the 
rotor. In the synchronous generator this is a revolving magnetic 
field excited by direct current; while in the induction generator 
it contains a short-circuited winding the same as the armature 
winding of the familiar induction motor. From thisvariation results 
the difference in the production of the magnetic field which by its 
rotation induces electromotive force in the stationary generator 

winding. ‘Fhe magnetic field of the synchronous generator is pro- 
duced by the action of the direct current in the field poles; that of the 
intuetion generator is produced by the reaction of the alternating 
currents issuing from the induction generator. As a consequence 
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the synchronous generator must run in step with the frequency of 
the alternating system; that is, the rotor must move exactly one pole 
for every reversal of voltage in the external system. Conversely, 
the induction generator cannot run in step with the frequency but 
must always run faster, exceeding synchronism by an amount depend- 
ing upon the load, so as to cause the induction in the short-circuited 
windings which produces the currents therein. That means that 
synchronizing is not required in the induction generator. Further- 
more, since the induction generator does not depend upon running 
in step with any other machine, the possibilities of see-sawing, the 
so-called hunting which may occur in the synchronous machine, can- 
not exist with the induction generator. 

The difference in the production of the magnetic field of the two 
types of alternating-current generator is the cause of the very char- 
acteristic variations in their performance. The magnetic field of the 
synchronous machine, and therefore, the electromotive force induced 
in its armature, depends on the direct current supplied to its field 
winding, but is essentially independent of the load of the machine. 
It is dependent only in so far as the current output and the power 
factor modify the field, varying it in the manner expressed by the 
term ‘“‘regulation of the machine.” The induction-motor field is pro- 
duced by the reaction of the currents issuing from the machine. The 
induction generator, therefore, has no regulation and no magnetic 
field independent of the voltage at the terminals and the load, 
but the magnetic field of the induction machine is produced by 
the reaction of the currents at a value corresponding to the voltage 
produced at the induction-generator terminals by the synchronous 
machines connected to the same system. The induction generato 
depends in its magnetic field and voltage on the excitation of the 
synchronous machines in the same system; that is, it can generate 
only when connected to a system to which synchronous machiues are 
also connected, whether synchronous generators, motors, converter- 
or equivalent apparatus. It has no voltage of its own and cannot 
operate on a system on which no synchronous machine is connecte:. 

The regulation of such a combined system of synchronous and 
induction machines, therefore, is by the regulation of the synchronous 
machines operating on the system. Any change of load varies th: 
voltage as it would be varied if this change of load occurred on the 
synchronous machines in the system. The induction generator is 
merely a machine feeding electric power into the system but not 
participating in the voltage regulation or voltage control and having 
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no direct effect on the voltage. While the synchronous machine at 
open circuit has a terminal voltage, the induction generator ceases 
to generate and has no voltage at its terminals at open circuit if it is 
disconnected from the alternating system. In asynchronous genera- 
tor, even when short-circuited, the electromotive force continues to 
be induced in the armature windings because the magnetic field is 
still there as produced by the direct current. The synchronous 
generator therefore has a short-circuit current which may be many 
times full-load current, since the total induced electromotive force 
must be consumed inside of the synchronous generator armature. 
An induction generator, when short-circuited, has no voltage at 
the terminals, and therefore receives no current, has no magnetic 
field, and ceases to generate. In the induction generator when short- 
circuited, the current dies down from its previous normal value to 
zero at a rate depending on tbe resistance and inductance of the 
internal circuit in just the same manner as the current in a reactive 
coil, for instance, would die down when the coil is short-circuited 
and the impressed voltage withdrawn from it. The short-circuit 
current of the combined system of synchronous and induction gener- 
ators is therefore only the short-circuit current of the synchronous 
generators. 

There results therefrom also, the characteristic difference that 
the synchronous generator can generate current of any character 
(energy, reactive or wattless, lagging or leading) depending on the 
nature of the system to which it is connected, or the power factor 
of the supply system; while the induction generator can generate 
only energy current, and in addition continuously consumes or re- 
ceives a certain amount of reactive or wattless lagging current re- 
quired for its excitation. This latter it receives from the synchronous 
generators or the synchronous motors and converters in the system. 
The induction generator, therefore, cannot supply alone a general 
alternating-current system, for instance, a system of light and power 
distribution, which requires energy current, as well as reactive, or 
wattless lagging current; and where a combination of synchronous 
and induction generators is used, all the lagging current of the system 
inust be supplied by ihe synchronous generators, and in addition 
the lagging current also consumed by the induction generator for 
its excitation. 

In a system in which there is considerable lagging current, a very 
large percentage of induction generators is a questionable advantage, 
since it may throw an excessive overload lin: current on the synchronous 
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generators, the latter having to supply all the lagging current. On 
a system requiring no lagging current, or being built to supply lagging 
current, as rotary converters or synchronous motors, which is the 
type of system on which Mr. Stott’s generators operate and is usual 
in the large electric power generating and distributing systems, mainly 
of 25-cycles, there is no lagging current required because the system 
- =: ~ ean be run at unity power factor or even at leading current, and the 
_ synchronous motors and converters can be caused to supply the lag- 
ging exciting current of the induction generators. There the induc- 
tion generator is at its greatest advantage. 

The difference may possibly be described, by saying the synchro- 
nous generator generates electric current while the induction generates 
electric power. That is, the synchronous generator supplies electric 
current to the system whether this current is a power current or a 
wattless, powerless current; the induction generator can supply only 
power current and no wattless current. The induction generator, 
therefore, is the typical converter from mechanical into electric power. 

it consumes mechanical power and supplies electric power without de- 
pending for its supply on field excitation, speed, synchronism or any 
othe feature. It is consequently the ideal machine to float on an 
alternating-current system, by receiving whatever mechanical power 
is available and supplied to it in a low-pressure steam turbine from 
the exhaust steam of reciprocating engines; or in the hydraulic tur- 
bine from whatever water power there may be available. It receives 
the mechanical power and converts it into a proportional amount o/ 
electric power, at whatever voltage the system happens to run on, 
and at any speed, speeding up just above that for which the 
system is set by its frequency, but with no necessary regulation. 
Its straight and simple function is the conversion of one kind of energy 
to the other, separate entirely from the problem of regulation and 
adjustment which is thrown over into the synchronous machines in 
the same system. This is what makes the induction generator a 
simple and convenient apparatus for cases like that described in the 
paper and for all others where mechanical power is to be picked up 
from water powers here and there, and is too small, possibly, to 
warrant installation of specific regulating mechanism. 

There is an interesting and somewhat unexpected result shown 
by the tests, namely that the efficiency was found higher when 
operating the turbine with varying nozzle pressure than when opcr- 

; ating with constant nozzle pressure. The explanation of this is given 
by the curves in Figs. 17 and 18. In the latter the efficiency of the 
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low-pressure turbine is higher for constant nozzle pressure, just 
as expected, but constant nozzle pressure of the turbine means con- 
stant exhaust pressure of the steam engine and with this and the 
varying load, as shown in Fig. 17, the efficiency of the steam 
engine falls off, dropping from the maximum point at a rate which 
is so much greater than the gain in efficiency of the steam turbine 
that the combined efficiency shows an advantage in favor of varying 
nozzle pressure. This illustrates the fact that the turbine side is 
much less sensitive to variations of the operating conditions from its 
best condition than the steam engine is, and that to get maximum 
economy in the operating conditions the engine should be favored. 
But that also throws a side-light on one of the reasons why the Ran- 
kine efficiency of the turbine is less than that of the steam engine 
part, because all the unfavorable conditions of operation must be 
thrown on the turbine side of the cycle to get maximum average 
resultant efficiency. 

The gain in efficiency due to the addition of the low-pressure 
turbine is on the lower side of the cycle, because of the ability of the 
turbine to expand the steam to a pressure lower than the exhaust pres- 
sure of the low-pressure cylinder of the steam engine, an extension im- 
possible with the reciprocatingengine. The combined apparatus gains 
in the ability of the turbine to do what the reciprocating engine is not 
able to do. This must be kept in mind when comparing the low-pres- 
sure turbine and steam-engine plant with the high-pressure turbine 
plant. 

The reciprocating engine in general cannot gain by superheat 
as much as the steam turbine gains, and comparison of the combined 
efficiency of a saturated-steam reciprocating engine and low-pressure 
turbine with a high-pressure turbine is not quite fair to the latter, 
beeause on the high-pressure side the steam turbine can get an addi- 
tional gain in efficiency by using superheat which the reciprocating 
engine cannot to the same extent. In comparing things it is always 
difficult to get conditions which are equally fair to both types of 
apparatus because the conditions of proper operation are different 
in each. 


J. W. Lies, Jr. The author is somewhat optimistic in his 
estimate that it would be possible to realize as much as 20 per cent 
of the installation cost from the sale of used apparatus. It would 
probably be necessary to accept a lower figure, but the result, however, 


would be still more in favor of the installation of the low-prossure 
turbines. 
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In the application of the induction generator we have a solu- 
tion of the problem which combines simplicity of construction and 
operation with a minimum of installation cost. The induction gen- 
erator is also of notable assistance in solving the otherwise very diffi- 
cult problem of handling through the available types of switching 
gear the enormous energy which might with the usual types of appar- 
atus be difficult to handle in case of a short circuit on the bus bars. 

The results of the condenser tests are particularly interesting on 
account of the high rates of heat transference, considerably in advance 
of the results hitherto attained. 

The paper is a notable contribution to the economics of power- 
plant engineering and the apparatus described should serve to give 
a new lease of life to otherwise antiquated engine-driven equipments, 
although it would be difficult to find another case where the applica- 
tion could be made with such manifest advantages. ~ 

D. 8S. Jacosus. I visited the plant of the Interborough Com 
pany while Mr. Stott’s tests were being made and desire to commend 
most highly the degree of accuracy observed and the general char- 
acter of the work. 

The economy of all piston steam-engine installations may not 
be improved as much as 25 per cent by adding a low-pressure turbine. 
By examining the paper on tests made at the plant of the Pacific 
Light and Power Company at Redondo, California, presented to 
this Society by Mr.Weymouth’, it will be found that the heat consump- 
tion with a steady load with piston steam engines was about 24,800 
B.t.u. per kw-hr. The heat consumption was obtained by dividing 
the heat of combustion of the oil burned at the boilers by the net elec- 
trical output in kilowatt-hours at the switchboard. The efficiency 
in the tests of the combined unit by Mr. Stott is 20.6 per cent based 
on the heat in the steam consumed, and if we take the efficiency of the 
boilers at 76 per cent, a figure obtainable with oil, the heat of combus- 
tion of the fuel burned at the boilers would be 21,800 B.t.u. The 
difference between Mr. Stott’s figures and those obtained at the Red- 
ondo plant is, therefore, about 12 per cent. There is a further allow- 
ance for the fact that the steam was superheated about 100 deg. 
fahr. in the Redondo tests and this would increase the figure and 
make it come more than 12 per cent. It does not seem possible that 
the introduction of a low-pressure steam turbine at the Redondo 
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plant could ever reduce the heat consumption 25 per cent, bringing 
it down to 18,600 B.t.u. per kw-hr. 

The results obtained by Mr. Stott are very close to those which 
can be secured with large gas engines. The economy of 21,800 B.t.u. 
could be reduced with proper superheat to about 20,000 B.t.u. per 
kw-hr., which would be all that could be expected of a producer-gas 
plant if run on a commercial swinging load with high daily peaks 
and periods of low power. In a 15 days’ continuous test made at the 
Redondo plant where the load varied daily through a wide range from 
high peaks to periods where but little load was on the station and where 
there was a lay-over period of 45 hours per day, the heat consump- 
tion averaged about 25,000 B.t.u. per kw-hr. and it is questionable 
whether a producer-gas-engine installation could do very much better 
with a load of this character. 


B. R. Suover.' Inregard tothe statement that the result obtained 
with the engine-turbine-unit had closely approached the best efficiency 
obtained in gas-engine practice, I desire to call attention to the instal- 
lation of four 2000-kw. units at the Illinois Steel Company, operating 
on blast furnace gas. Records kept for six months under working 
conditions show a consumption of 15,000 B.t.u. per kw-hr. at the 
switchboard. When this result is compared with the 21,000 B.t.u. 
per kw-hr. at the 59th Street station, the comparison is more in 
favor of the gas engine than the statement made in Mr. Stott’s 


paper. 


D. S. Jacosus. The 15,000 B.t.u. quoted by Mr. Shover is 
based on the heat of combustion of the blast furnace gas used by 
the engines. If there had been a producer this value would correspond 
to that computed on the basis of the low heat value of the gas, and 
where allowance is made for losses through all auxiliaries, this figure 
would have to be divided by about 0.7 to give the heat units in the 
original fuel. This would give a much higher heat consumption, 
say, over 20,000 B.t.u. per kw-hr. TST ee 

é 

G. R. Parker.? The question often arises as to the smallest size of 
plant in which a low-pressure turbine can profitably be installed, and 
while no accurate data are yet available, I consider it doubtful if very 


‘Electrical Engineer, Carnegie Steel Co., Youngstown, O. 
General Electric Co., Schenectady, N. Y. 


3 
‘ 
Fy 
4 
4 
‘ae 
ve. 
3 
ay 
; 
q 
4 
> 
> 
= 
12 


132 A 15,000-KW. STEAM-ENGINE-TURBINE UNIT 


satisfactory results can be obtained in plants of less than 300 or 400 
kw. This is due to the fact that the actual cost of producing power in 
small installations is not made up so largely of coal as it is in large 
installations, the labor and the numerous operating expenses con- 
stituting a much larger percentage of the cost. : 

O. Junacren. The overall efficiency shown by Test 51, 
Table 8, is 72% per cent of the total available energy between 
the steam entering the engine and the recorded exhaust pressure of 
the turbine. Test 42 shows an efficiency of 69.6 per cent, and 
another, 68.7 per cent under different conditions of load and vacuum. 
A high-pressure turbine, working under the same conditions of steam 
pressure and vacuum, would probably not give as high an efficiency 
over such an available range of load as that given by the combined 
unit, but a high-pressure turbine of approximately the same size 
could reasonably be expected to give 70 to 70} per cent at the 
the most economical load, although fractional efficiencies would not 
be as good as for the combined unit. A high-pressure turbine would 
be considerably cheaper then the combined unit and in the near future 
high-pressure turbines will be made havingas high an efficiency as the 
combined unit, and still be cheaper than a combination of engine and 
turbine. The vacua obtained in these tests are quite remarkable 
and show what can be done in actual practice. 


F. SamvuEtson! said that low-pressure turbines of various types 
have been employed in England and all are proving fairly success- 
ful. The chief difficulty in the installation of these machines 
has been to meet the Board of Trade regulations as to constant 
back pressure on hoisting engines. Accidents are sometimes caused 
by a drop in back pressure at the engine, due to demands upon 
the accumulator by the turbine. To prevent this trouble a simpl: 
automatic valve has been employed between the engine and the ac- 
cumulator to shut off the supply from the engine when the accumulator 
pressure falls to atmospheric. While the regulating valve is closed, 
the turbine is supplied with steam at a reduced pressure. This valv 
works equally well between the turbine and the accumulator, bu‘ 
the capacity of the latter is much reduced because of the small pres- 
sure limit between which it operates. This results in the use of high- 
pressure steam in the turbine on short stoppage of the engine. 


1Turbine Engineer, British Thomson-Houston Co., Rugby, England. 
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high-pressure 


of the original missing water in this case, 


THe AvTHOR. 


say roughly 0.08. 


1259 = 
090 Bt.u.-hr. 
940,000 B.t.u-hr. 


high-pressure exhaust, 


cylinder. 


or 


DISCUSSION 


High-pressure cylinder work = 
This leaves 145,262,000 B.t.u. 


145,262,000 


= 1145 


126,900 


Refiguring one of the assumed cards (Card C, 
Table 3,series B) for 100 deg. superheat, we get an actual water rate 
of 12.9 lb. per h.p. instead of 13.6 with saturated steam, since the miss- 
ing water and leakage is cut to less than 0.1 of the original value in the 
As the missing water in the high-pressure 
cylinder forms about 0.6 of the total missing water, we shall have 0.46 
or 0.156 X 0.46 = 
The B.t.u. supplied per hour = 
159,800,000. Radiation and conduction, 1 per cent = 1,598, 


12.9 


0.072, 
9836 


5080 X 2545 = 12, 


in the 


B.t.u. 


per lb. 


steam at 


At 


52.2 lb. absolute, this corresponds to a quality of 96.8 per cent or 
3.2 per cent moisture; of this about 2 per cent will be thrown down as 
receiver drain. 


The 


to the low-pressure cylinder. 


619,000 = 1,446,000; 
000; leaving 131,073,000 B.t.u-hr., 
lb. 


heat thus 
leaving 144,6 


removed is 0.02 * 126,900 * 253 


19,000 B.t.u. 


in 124,360 Ib. 
Low-pressure radiation, 0.01 « 144, 
low-pressure work = 4756 X 2 
or 1065 B.t.u-lb. which at 13.5- 
absolute exhaust pressure gives a quality of 91.5 per cent, 


113,800 lb. dry steam available for the turbine. 


kw. 


= 643,000 


of steam delivered 


2545 


= 12,100, 


or 


This will give 3700 


on the turbine, which added to the 6710 kw. on the engine gives 


10,410 kw. at 12.18 lb. per kw-br. as against 14.2 Ib. with saturated 
In actual practice the 14.2 rate was cut down to 13.25, and 
it is reasonable to expect the same sort of result under superheat. 


steam. 


The reciprocating engine 
> 


when designed for superheat, 


makes 


just as good use of it thermodynamically as a steam turbine, but will 


not stand so much superheat. 


The point has been raised that a 


moisture correction on the turbine is not fair, since without reheating 
it is not possible to reduce the moisture in the turbine steam to zero. 
[t is fair in this sense, that in order to compare the various water 
rates on the same basis, it is necessary to reduce all steam conditions 
to a standard and that standard is naturally dry steam. 
when the moisture gets as low as 1 per cent or 2 per cent the correction 
is negligible in amount, and the curve of corrected water rate is sub- 


-tantially true. 


Moreover, 


It is quite possible that a separator can be designed 
that will take out all but’0.2 or 0.3 per cent of moisture; and in this 
case the correction justifies itself. 
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Diagram of Factors entering into the Cost of Power 
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CLOSURE 


In reply to the question by Max Rotter as to whether it would — 4 
be advisable to install in a new plant such a combination asdescribed — 
in the paper, the accompanying diagram (Fig. 4°:), showing the 
factors entering into the cost of power, will serve as an answer. _ 
For example, with a low load factor, it is quite evident that the _ 
all-important point is to keep down the fixed charges, for when the - ip 
load factor is less than 20 per cent, the fixed charges are of vastly : 
greater importance than any possible gain of efficiency due toa — 
better type of prime mover. This is true of any plant, and the 
curve shows the futility of attempting to carry peak loads by e 
means of gas engines, water power or any other prime mover 7 
necessitating a large investment per kilowatt. On the other hand, 
with loads having a load factor of over 60 per cent, especially where ¥ 
fuel cost is high, the investment factor is of relatively small impor- 
tance, and the all-important matter is to keep down the mainte- | 
nance and operating charges by using the most efficient type of plant 
obtainable, provided that it is at the same time thoroughly reliable. 

The total cost of power can be obtained from these curves by 
simply taking the sum of the ordinates above and below the axis for 


any load factor desired. 
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SYMPOSIUM ON ELECTRIC DRIVING 
MACHINE SHOPS 
No. 1276« 


ECONOMY OF THE ELECTRIC DRIVE 


By A. L. De Leeuw, Cincinnati, 


It is proposed to show in this paper the most salient points which 
affect the economy of the electric drive in the shop, and also, in a 
general way, the proper relation between the motor and the driven 
machine. 

2 When the electric motor was first used in the shop, practically 
no other claim was made for it than that it saved power by obviat- 
ing the losses in line and countershafts. Exaggerated statements 
were made of savings to be effected; and though it was proved later 
that many of these claims shou!d be divided by a large factor, and 
that some should even be provided with the negative sign, these 
statements did a great deal of good by calling attention to the fact 
that great losses existed. 

3 The writer knows of no way to determine the exact amount of 
these losses, but wishes to call attention to the fact that a method 
which has been employed quite frequently is entirely misleading. 
The method referred to is, to measure electrically or by indicator 
card the amount of power required to run all or a part of a shop with 
and without machine load. The difference between the two readings 
is supposed to be the loss. That this is wrong becomes obvious as 
soon as one considers that the frictional load of every bearing changes 
with the amount of the load, and that the belt pull sets up bending 
and torsional strains in long lengths of shafting, which may cause 
osses much greater than the losses by journal friction. 

4 The method of taking separate measurements of the work 

one by each machine individually, and totaling the result, is also 


Presented at the St. Louis and New York Meetings, April 1910, of THe 
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wrong, as all machines do not require the maximum amount of power 
at the same time. To multiply the total by some fractional coeffi- 
cient is merely a refined way of guessing. Statements have from 
time to time appeared, as to the amount of saving effected by the sub- 
stitution of motor drives for lineshaft drives, but never with the 
positive statement that at the same time other changes were not 
made which might have some effect on the situation. This absence 
of reliable data is apparent all over the field of this subject, and it 
will therefore be impossible to say beforehand with any fair degree 
of certainty how much, if anything, can be gained by the conversion 
of a shopfrom shaft to motor drive. It will be possible, however, 
to indicate points which should be kept in mind, and which are the 
controlling factors. 

5 Economy is the art of obtaining the greatest output with the 
smallest outlay. To strike a balance between these two elements, 
outlay and output, is the work of the industrial engineer. Ina great 
many cases, perhaps in the majority, there are not sufficient data to 
enable him to do this; his work then becomes hazardous and is on a 
level with that of the prospector. Many reputations are based on 
a stroke of luck and many have been lost by a single wrong guess. 
On the other hand, many hundreds of thousands, or more likely, 
millions of dollars have been lost to shop owners by listening to the 
lure of the enthusiastic engineer with more faith than data. 


~ 


POINTS TO BE 


6 In considering the economical features, when converting a shop 
from shaft to motor drive, the following points should be kept in mind: 


The nature of the shop. 


b The possible economies which may be effected by the instal- 
lation of electric drive. 
c The first cost of such an installation. 


: d The cost of its upkeep. aes 
_e The cost per unit of power. 


Though these are the main points to be considered in a preliminary 
investigation, they are by no means the only ones. They are sp:- 
cially mentioned here because their contemplation will natural!y 
lead to the consideration of other points as well. 

7 As the electric drive for the machine shop alone will be cons: '- 
ered here, it may seem that the nature of the shop might have be u 
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left out of consideration. In the great majority of cases, however, 
a machine shop is of a dual nature. A foundry or blacksmith shop, 
or perhaps a plating shop is connected with the establishment; or 
warehouse and yard service may form a considerable portion of the 
operations. The yard service of a plant may be of an elaborate 
nature, while the machining operations are of a simple nature. It 
may be that the machine-shop operations cannot be improved enough 
by the change to electric drive to warrant its installation, yet the 
gains to be made by converting yard cranes and other similar appa- 
ratus to electrically-driven apparatus may be so great as to make it 
advisable to change the mode of driving of the entire plant. 

8 As to the possible economies which may be effected by a change 
of drive, this involves so many considerations that nothing but an 
exhaustive study of the entire plant in all its aspects will clearly 
show what may be accomplished. Though at one time the only 
economy considered was the saving of power, it is now well recog- 
nized that this is by no means the only or the most important econ- 
omy resulting from a conversion to electric drive, and that such a 
conversion may even be highly economical, though there be an 
actual loss in power consumed. 

9 To illustrate: practically all of the work done in a machine shop, 
or which power is used, is the removal of chips. The writer has in 
mind a shop where an average of 9 tons of metal is daily fed through 
the shop, to be made up into high-grade machinery. This metal is for 
the greater part cast iron, with a minority of steel and a small per- 
centage of bronze and other metals, just as in most machine shops. 
The total of chips removed amounts to less than 15 per cent or 
2700 lb. of metal in a nine-hour day, making 300 lb. per hr., or 5 
lb. per min. This shop uses an average of 225 h.p., which is 45 
h.p. per min. for each pound of chips removed. Figuring that all 
the chips are steel, this would mean that the shop requires about 
12 h.p. per cu. in. of steel removed. It should be noted that this 
shop is to a large extent electrically driven, and otherwise as well or 
better equipped than the majority of machine shops. The power 
costs about $40 per h.p. per year, or a total of $9000, which includes 
steam for heating, however., 

10 Figuring that all of this amount is spent for power, and that 
half of it could be saved by some other mode of driving, then the 
‘otal possible gain would be $4500 per year. This shop employs 
bout five hundred men, so that the gain would be $9 per man per 
year. An establishment of this kind and size delivers a product of 
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about $2000 per man per year. If the installation of a new mode of 
driving could increase this output only 5 per cent, then the gain per 
man per year would be $40, or more than four times the gain which 
can be made by cutting the power consumption in two. Obviously 
then, the problem is to increase the amount of chips made in a given 
shop, and not to diminish the amount of horsepower for a given 
amount of chips. This phase of the subject will be treated more 
extensively later. 

11 As to the first cost of installation, though it may be beyond 
doubt that a change in the mode of driving might effect economies, 
yet it remains to be shown that these economies will give a good return 
on the investment, and further, that this same investment could not 
be used in another direction to better advantage. What is true 
when a shop is to be converted from one drive to another, is also 
true when a new plant is to be built. Directors of industrial 
undertakings have frequently been criticised for apparent lack of 
progress, when a close analysis might have shown other more crying 
needs for the investment of the capital atcommand. Though the shop 
of an industrial undertaking may be the only place where its product 
is made, it may not be the only place where its money is made. And 
even should the shop be beyond doubt the best place toinvest the 
money on hand, it remains to be shown that the proposed change of 
drive will bring better returns than improvements along other lines. 
This question will also be dealt with later. 

12 The probable cost of upkeep must also be thoroughly investi- 
gated, especially as it is likely to be under-estimated unless one 
goes fully into details. In considering the probable economies, this 
cost of upkeep has to be estimated and deducted from the gross 
gains; but the same item appears again in the form of disturbance 
of operation, when it is much harder to estimate it. This must be 
done as well as possible, however, before reaching a final conclusion. 
These disturbances make themselves felt, especially the first few 
years after making the change. 

13. It is further true that radical changes are usually made at a 
time when there is a heavy demand on the shop, either because 
it is thought that the output can be increased by the contemplated 
changes, or because the size of the power plant has not kept step 
with the growth of the rest of the plant, or because at such times 
of business prosperity, money can be easily obtained for such changes. 
Whatever the reasons, the fact has been fairly well established; 
and a change at such a time must be doubly hazardous, not only 
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because it may fail to accomplish the desired increase of output, 
but because it may actually prove to be a source of disturbance, 
and reduce the output instead of increasing it. 

14 The cost per unit of power should enter into the preliminary 
considerations, as it will determine to a large extent the kind of 
current to be used, and this may have a decided effect on the final 
economy of the system as applied to theshop. Attention will again 
be directed to the foregoing items later in the paper. 


SAVINGS EFFECTED BY ELECTRIC DRIVE—INCREASED OUTPUT 


15 The savings effected by driving the shop electrically may be 
classed under two heads: increased output and less expense. Whether 
savings can be effected by increasing the output depends on so many 
and such varied items that it seems best to show them first in an 
elementary way, by considering a single machine under a set of 
assumed conditions. 

16 Let us take for example a 12-ft. boring and turning mill, used 
in a shop devoted to the manufacture of a single line of product 
and having enough machines of each kind to allow each machine 
to be devoted to a very limited line of operations. Suppose the 
machine under consideration to do nothing but turn up large rings, 
ranging in diameter from 12 ft. to 8 ft.; and further, that a great 
number of rings of each size are to be turned up in each lot, so that 
the amount of time lost in setting the machine for the different kinds 
of work becomes negligible. Let it be further supposed that the 
machine is provided with a number of speeds in geometrical progres- 
sion, with steps of 25 per cent, and that there is one speed which 
happens to correspond to the proper speed for the material used 
and for a diameter of 12 ft. This is supposing a set of conditions 
as good as can be expected in the ordinary commercial machine. 

\7 Under these conditions, the low speed must be used for all 
rings from 12 ft. down to 9.6 ft., and the next higher speed for all 
rings ranging from 9.6 ft. down to 8 ft. Supposing that the number 
of all rings of the same size is the same, it follows that the machine 
rus ,") of the year on the lower speed, and ,4, of the year on the 
higherone. Allowing } of the total time for chucking work, remov- 
ing it, changing tools, etc., there remains } of the year spent in 
removing chips. The machine removes chips, therefore, at the lower : 
specd during (;"5 of #) of the year, and ,°,; of of the year 
at the higher speed. This higher speed might be called 12, and the 
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lower speed 9.6. A measure for the amount of chips removed, and, 
therefore, for the number of pieces turned up, would then be the 
amount of time multiplied by the linear speed of the tool. This 
is not exactly correct, but near enough for a mere illustration. 

18 So far, however, an expression has been found only for the 
number of revolutions of the machine. In order to reduce this to 
linear speed, we must consider the fact that the higher speed is the 
proper speed for a diameter of 9.6 ft., and the lower speed for a 
diameter of 12 ft. If the machine were to run all the time at the 
speed corresponding to the diameter to be turned up, the total output 
for the year could be expressed by the time the machine is actually 
removing chips, which is #. 

19 When running at the lower speed, however, the machine has 
the proper speed only when the diameter to be turned up is exactly 
12 ft. At all other diameters, the speed is too low. The effect is 
the same as if the machine were running all the time at the lower 
speed, and all the work were of a diameter of the mean between 
12 and 9.6, or 10.8. Therefore, when running on the low speed, the 
output runs down from ,°; to ;5,;. Similarly, the output of the ma- 
chine, when running at the higher speed, has been reduced from ,', 
to ,°,5, and the total from } to }3%, or a reduction of nearly 10 per 
cent. Now if this machine were driven by a variable-speed motor, 
it would be possible to find a proper speed for every size of ring to 
be turned up, and the production might be increased from 136 to 
150, or a gain of nearly 11 per cent. 

20 Merely to say‘that there is a gain in production of 11 per cent 
is perhaps sufficient to prove that under certain conditions a change 
from belt to motor drive may be profitable, but it is in no way a 
measure of the amount of profit. If, for instance, the machine is 
capable of taking care of all the work in the shop, then the only 
gain is in the wages of the operator; if, on the other hand, there is 
more work than the machine can take care of, then the increased 
production of the machine may mean a corresponding increase in 
the production of the entire shop, improved deliveries, and the 
avoidance of a great deal of confusion, of which the money value 
may be many times greater than the mere saving in wages. 

21 In the foregoing example, the advantage gained is entirel) 
due to the fact that a variable-speed motor was attached to th: 
machine. This is by no means, however, the only reason why th: 
change to electric drive may increase the efficiency of a machin 
The electric drive may enable one to place the machine in a more 
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convenient position, or bring it under a crane; or it may be the 
means of giving the machine more power than it could have with 
a belt drive; or again, it may be the means of doing away with some 
harmful conditions which have diminished the machine’s efficiency. 
Among such circumstances may be mentioned the variation in length 
of belts due to weather conditions, or to varying loads on an upper 
floor, making the belts from pulleys attached to the under-side of 
this floor either too loose, having been adiusted at a time when the 
load on the upper floor was light; or too tight, owing to adjustment 
at a time when the load on the upper floor was heavy. Then there 
is the convenience of altering speed if a machine has a motor or a 
convenient gear drive, when the operator might forget that there 
is such a thing as a change of speed for varying conditions of work, 
if he had to shift a belt. An almost unlimited number of considera- 
tions affect the result to be obtained from the application of a motor 
to a machine tool; so that it is almost impossible to forecast the 
economy which will result from such a change, though it may be 
perfectly possible to say that the change will be beneficial to some 
extent. 

22 The fact that the change from one style of drive to another 
is practically always accompanied by some other changes, either in 
addition to, or as a result of the change of drive, makes it impossible 
to show by data how much gain is the result of this change. Under 
very definite conditions, such as were supposed in the example given, 
it may be possible to calculate these gains beforehand, and even to 
verify the calculations by the actual results, but in the vast majority 
of cases neither calculation nor verification is possible. For this 
reason, this paper is confined to pointing out in which respects and 
under which conditions profits may be expected. Such profits will 
appear either in increased output or in the curtailing of expenses. 

23 We will now consider more in detail the economic advantages 
mentioned in the foregoing paragraphs. Fig. 1 shows the main 
points in which an increase in output may be expected from the 
substitution of electric drive for shaft drive.. The electric drive 
will show its effect on individual machines (provided they are indi- 
vidually motor-driven), on the handling of the work in the shop, 

the light and cleanliness of the place, on the possibility of making 
anges in the arrangement of the shop when needed, and last, but 
ot least, on the individual effort of the operator. = i 
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EFFECTS OF ELECTRIC DRIVE ON INDIVIDUAL MACHINES 7 | 


24 More power. The greater output of individually motor-driven 
machine tools is due to a number of items, shown in the diagram. 
The first item, more power, is especially prominent in heavy tools. 
The power of cone-driven machines is limited by the belt speed, and 
by the width possible, considering that the belt has to be shifted. 
It might be said that a single-pulley drive has no such limitations; 


- More Power 


Overload Capacity we 
Freedom trom Belt Troubles 
On Individual } fine Gradations of Speed 
Machines 1 
No Shifting of Belts =" 
| Possibility of Increased Speed 


with Proportional /ncrease of Power 


Flectric Cranes, Hoists, erc. 

Lifting Magnets 

Magnetic Separators 
Magnetic Chucks 
Magnetic Clutches 


Stopping and Starting Devices 
gnal Systems 


Handling of 
Work 5 


Effects of Motor Drive 


£ffort of Opera 


Fig. 1 Dracram SHowING THE ADVANTAGES OF ELecrric Drive 


but on the other hand the single-pulley drive does not lend itself to 
fine gradations of speed, especially in heavy machinery. Further, 
such a drive would take up a great deal of space, would be very costly, 
and would be extremely awkward to handle, unless auxiliary mechan- 
ism were provided to do the shifting of the heavy gears, which is 
a further source of expense. The electric drive, on the other hand. 
would allow of a motor with a certain amount of variation of speed, 
which, combined with a few gears, would give all the variatioy 
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obtainable with the cone pulley, and by much finer gradations. 
This is so well recognized at the present time, that very few heavy 
machines are built to order with a cone drive. 

25 High-speed steels made an increase of power imperative for 
some of the heavy machines, and for some of the lighter ones as well. 
In a number of cases, it was found that the frame of the machine, 
as well as most of its mechanism, was strong enough to stand this 
increase of power, but that it was practically impossible to substitute 
larger cone pulleys without rebuilding the entire machine; in all such 
cases, the electric motor has proved to be the solution of the problem. 

26 Overload capacity. The electric motor not only makes it 
possible to give more power to the machine, but it gives it a reserve 
capacity that a belt-driven machine cannot have. For instance, a 
casting has to be turned up: it has a swelling where the seam of the 
parting is, and the amount of metal at this one point is too much 
for a single cut; the machine stalls. If the machine were motor- 
driven the overload capacity of the motor would carry the cut past 
this point, without harming the motor. In other words, a motor 
acts on a machine tool somewhat as a flywheel acts on an engine. 
Before electric drives were known, the power of the machine tool 
was almost always its weak point; after electric motors were applied 
to existing machines, it was the frame of the machine which had to 
be treated with consideration. 

27 Freedom from belt troubles. The elimination of belt troubles is 
one of the strongest points in favor of the electric drive. During 
an investigation of a large Western railroad shop by the writer, this 
point was shown with exceptional clearness. Practically all machine 
operators “nursed” their jobs because they had to wait too long 
for the chief millwright, who thought he was the only man capable 
of putting on or correcting a belt in the proper manner. Out of 
consideration for the machine tools, this man would put on belts 
from 4 in. to 1 in. too narrow. The combination of these two 
pieces of foolishness reduced the output of the belt-driven machines 
fully 50 per cent where heavy cuts had to be taken, and reduced the 
output of the entire machine department at least 10 per cent. It 
might be said that the management should have corrected this evil, 
and so it did, but only after the evil had existed for a great many 
years. Conditions such as these are the outcome of growth, and 
are generally not found out until the shop becomes too small for the 
work to be done and the management begins to cast around for 
means to increase the output. 
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28 Belt troubles are caused by so many conditions that a shop 
is rarely free from them. It was observed at the shops of a machine- 
tool concern in the Middle West, that the output of their milling 
machines was increased 25 per cent by driving them by electric 
motors, though no further changes were made. ‘This instance 
deserves attention, because while some of the machines were changed 
to electric drive, other similar machines were left with belt drive, and 
there is a clear chance for comparison. The main reason for the 
increased output was supposed to be the avoidance of belt trouble. 
These milling machines were located on the first floor. The second 
floor was also used for a machine shop, and was at times heavily 
loaded with finished and unfinished stock; this variation in loading 
causing & variation in the deflection of the upper floor that made 
it necessary to keep the belt very slack, for fear it might be too 
tight when the upper floor was not loaded. Weather conditions 
have a similar effect; especially where there are rapid changes in 
humidity. The effect is to lower the capacity of the machine by a 
large percentage. 

29 Fine gradations of speed. Another reason for the greater 
economy of motor-driven machines is that finer gradations are ob- 
tainable with a motor drive. Of course, this benefit is derived only 
from a variable-speed motor. When attention was called to this 
feature earlier in the paper, nothing was taken into consideration 
except the fact that it would be possible with the variable-speed 
motor to obtain a speed in accordance with the material to be cut, 
and with the diameter of the work or of the cutter. However, there 
is more than this to be considered. A lot of castings are seldom or 
never of uniform hardness. This being the case, it is quite natural 
for the operator to set his machine for the hardest piece in the lot, 
and it may well happen that he strikes the hardest piece first. Where 
he has simple means for varying his speed, he will be governed entirely 
by the hardness of the piece on which he is doing work. 

30 No shifting of belts. The fact that no belts have to be shifted 
is another cause of increased efficiency. The machine operator 
who shifts belts for pleasure has yet to be found. Besides, where 
the ceiling is high, it is not easily possible to shift a belt withou! 
the aid of a long stick; and this stick is generally somewhere else. 
The amount of time lost in hunting for the stick, and in the operation 
of shifting the belt, may be quite considerable in itself, especially 
in shops where small lots are the rule and where it does not pay to 
perform oniy one operation at a time, so that a single piece must 


e. 
® 
A. L. DE LEEUW 147 


receive all the operations of a certain machine before it is taken out 
of it. 

31 But worse than the loss of time in shifting belts is the fact that 
this shifting is generally entirely neglected, and all the various opera- 
tions are carried on at the speed of the slowest. There are cases 
where the gain due to this feature of the motor drive may be negligible 
and there are other cases where this gain may be a large percentage. 

32 Increase in power with increase in speed. Another point in 
favor of the motor drive, is the fact that it is possible to speed up a 
machine with a proportional increase in its power. This problem 
appears whenever a change is made from carbon to high-speed 
steels; and though most shops at the present time are provided with 
high-speed cutting tools, this is by no means true to such an extent 
that this point may be overlooked. There are few, if any shops 
where some operations are not done with carbon-steel tools, some- 
times because high-speed steel has been overlooked, but more often 
because no benefits would be derived from it, as the machine could 
not be run at a higher speed without cutting down the depth of cut 
or feed. In some cases, this can be corrected by putting a larger 
pulley on the lineshaft; but in the majority of cases which have come 
to the attention of the writer, this could not be done without more 
elaborate changes. 

33 Generally speaking, it is a small thing to increase the speed of 
a motor-driven tool without cutting down its torque. Not long ago 
a number of cases came to the attention of the writer, which put 
this matter to him in a very clear light. Some boring machines, 
used for boring holes out of the solid in steel bars, and using twist 
drills for this purpose, were supplied with high-speed drills; but it 
was found that the feed could not be increased, as the machine was 
run to the limit of its capacity. It was further found impossible 
to shift the belt to a larger step of the cone, thus giving more torque, 
as it was not practical to increase the speed of the machine without 
making extensive changes in the arrangement of the lineshaft. 
A motor drive would have solved the problem and would have 
increased the feed from & in. to 14 in. per minute. Such instances are 
by no means rare. It is this feature of the motor drive which makes 
it possible, in many cases, to get the full benefit of high-speed steels 
with old machines. 
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OF THE WORK 

34 LHlectric cranes. Electric current in a shop not only makes it 
possible to get more production from machines individually, but 
admits of a number of improvements in the handling of work. The 
electric traveling crane has become such a common aid in the shop 
that it is almost difficult to realize that it is only twenty years since 
it was new. It is also hard to realize that it is one of the possibilities 
of the electric drive. The effect of the electric crane on the economy 
of the shop cannot well be over-estimated; though it is difficult to 
express in figures the amount of this economy. So much can be 
said, that only a few shops are over-supplied with cranes, while 
in a great number more cranes could be placed to good advantage. 
The installation of electric cranes or hoists in a shop is somewhat 
similar to the installation of compressed air. It is generally difficult 
to estimate beforehand with certainty the amount of savings to be 
effected, or to realize the various uses to which the apparatus will 
be put, but once a compressor is installed its capacity is soon exceeded ; 
similarly, the electric crane is soon overworked. 

35 The proper choice and installation of electric cranes and hoists 
is a separate branch of industrial engineering, though not generally 
considered as such. The best effects can be had only when the 
apparatus is taken into consideration with the placing of the tools 
in the shop, and the laying out of the shop buildings. Instances 
where the exact amount ci savings effected was known even after 
the new apparatus had been installed for some time, are also rare, 
though not quite to the same extent as data about machine tools. 
The installation of a yard crane in a flask yard reduced the number 
of laborers from nine men to two and the crane tender. The instal- 
lation of a small electric hoist, on a small traveler worked by hand, 
increased the output of a milling machine, besides doing away with 
the help of a laborer. It should be remarked here that the weight 
of the piece to be milled was too much to be lifted by hand, and 
that the time used for the operation proper was small. Instances 
of this kind are not rare and have come under the observation ot 
almost every engineer connected with industrial establishments. 

36 Lifting magnets. In line with electric cranes are lifting mag- 
nets, which are to be considered as an adjunct to the crane. They 
can often be used to good advantage for lifting plates, for loading and 
unloading pig-iron and scrap, for hauling small castings in quantities, 
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and even larger castings, provided their shape and the distribution 

o! metal makes them adapted to this mode of handling, for lifting 
drop weights, and for a number of other purposes. Though no in- 

stances are at hand, it seems to the writer that a small lifting magnet 
could be used to good advantage for collecting chips at the various 
1achine tools in a shop. 

37 Magnetic separators. Magnetic separators, though more com- 

10nly used in the foundry, are used also in the machine shop for 
the complete separation of the chips of various metals. However, 
they seem to be more of a luxury than of a necessity. 

38 Magnetic chucks. This cannot be said of magnetic chucks, 
which make it possible to do quickly, conveniently and accurately 
a great many jobs which would be very difficult, if not impossible, 
without this piece of apparatus. Magnetic chucks are of special 
merit in combination with small planers, shapers, milling machines, 
lathes and grinders. Their economical value may range from that 
of a mere aid to the operator, to the means of doing a job which could 
not otherwise be done at all. It is generaliy easy to estimate the 
savings to be effected, as the time for ordinary chucking methods 
is well known, and the time for chucking by means of the magnetic 
chuck is practically negligible; further, the amount of power used 
for the chucks does not need to be taken into consideration. They 
have their limitations and are not adapted to all or even to a great 
number of operations; but where they are applicable at all, they are 
of great value. 

39 Magnetic clutches. Magnetic clutches seemed at one time 
destined to play a great part in shop economy. So far, however, 
they have been a disappointment. This seems to be partly due to 
inherent weaknesses of the magnetic clutch, but perhaps more to 
faulty construction, and especially to the fact that those who designed 
and developed the magnetic clutch did not quite clearly understand 
the requirements of the machine tools to which they were to be 
applied, and further, that those who had to apply the clutch to 
machine tools did not understand the peculiarities of a magnet. 
There never was the hearty coéperation that would make the mag- 
netic clutch a success. 

It would not be surprising to see the magnetic clutch come 
to ‘he foreground once more and claim its own. There seems to be 
a ficld for this kind of apparatus in controlling mechanism of all 
kinds, as well as for braking the movement of a machine or a part 
thereof. Its peculiar value in this respect would be to give the 
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operator the means for controlling his machine by merely touching 
a button or turning a small switch. The magnetic brake is employed 
now, especially in cranes, indicating that there is nothing inherent 
in the magnetic clutch which makes it unfit for application. 

41 Attention might be called here to the possibilities of the 
application of the magnet in its various forms to operations in the 
shop, and to the performance of certain functions in a machine tool. 
Magnets now are employed for holding small portable tools in position, 
and might be used for vises and other handling devices. Further 
attention should be called to the possibility of using the motor itself 
as a brake, by short circuiting the armature on a given amount of 
resistance. 

42 Stopping and starting devices. In the previous paragraphs, 
mention was made of the possibility of applying the electric magnet 
for the purpose of controlling a machine. This might be called 
control from a distance, though, in the applications hinted at, the 
distance would be very small in most cases. There is no reason, 
however, why this distance could not be increased at will. As a 
matter of fact, a number, ofjinstallations are in existence where 
electric devices (though not necessarily electro-magnets) are in use 
for this very purpose. They will be found especially in rolling 
mills, and other plants where given amounts of material have to 
be handled continuously. These devices enable the engineer to 
minimize manual labor, besides making the plant safer and the 
action more continuous. 

43 Electric signals. Electric signal service in shops was well 
known before the electric drive was thought of, but it can be greatly 
improved where electric power is at hand, as lamps of different 
colors, placed in the shop, will transmit intelligence better and with 
less confusion than electric bells. The telephone would come under 
the head of electric signals, but it is not dependent on the use of 
current in the shop. 


ee OTHER BENEFiTS FROM ELECTRIC DRIVE ayant 


44 Lighting. One of the greatest blessings of the electric current 

~ in the shop is electric lighting. This is so generally acknowledged, 

and so universally employed, however, that it would be a waste o! 
space to go further into this matter here. 

45 Elasticity of shop arrangement. Another great benefit of the 

_ electric drive is elasticity of arrangement. Growing establishments 
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have had to be satisfied with arrangements of machinery which had 
no other point in their favor than that they were the only possible 
ones. It was often necessary to place departments where they should 
not be, simply because it was not possible to drive the machinery 
in them if they were placed elsewhere. The electric drive makes it 
possible to change the arrangement of the machinery, and the rela- 


tive location and size of the different departments, according to 
the changing needs of the shop. This principle of changing the shop 


according to the work to be done, is carried to its logical limit in 


the system of floor plates and portable tools. 


46 Besides making alterations in an existing arrangement pos- 


sible, the electric drive also allows departments to be placed far 


enough from each other so that each may be extended separately, 


without interfering with the other departments. This was generally 
not possible with belt drive, as the distances became entirely too 
large. It was generally found necessary for large plants to have a 


multiplicity of engines. A number of the best known modern 
shops are witnesses to the advantage of electric drive in the matter 


of arranging buildings and departments. It is hardly necessary to 


mention that the established ideas in regard to shop arrangement 
had to be largely revised and that there is even now considerable 
uncertainty as to what is the best possible arrangement, but it is 
safe to say that there is little divergence of opinion as to what kind 
of drive will give the greatest possible elasticity, if elasticity is 
required or deemed advisable. 

47 Effect on operatives. It was mentioned before that the vari- 
able-speed motor, applied to a machine tool, induces the operator 
to experiment with the best possible speeds. There is, however, 
another way in which the electric drive affects the efforts of the men. 
It is nowadays well recognized that favorable conditions in regard 
to light, heat, sanitary conditions, etc., have their immediate effect 
on the output of the shop. These conditions cannot be ideal with 
« confusion of belts obstructing light and gathering and distributing 
dirt. Though in most electrically-driven shops_belts are not entirely 

bsent, they are so few that their evil effects are reduced to a mini- 
ium. 
RELATION OF FIRST COST TO DECREASED EXPENSES 
1S Whether savings are effected by lessening expenses depends on 
e nature of the old installation and that of the new one 
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49 The writer was at one time connected with a large manufac- 
turing plant, spread over a large tract of ground, which in its general 
layout and operations is fairly representative of a great number of 
existing manufacturing plants. It was at that time steam-driven, 
as the motor had not been sufficiently developed for a complete 
electrical drive to be considered. However, the management being 
progressive, partial conversion to electric drive was considered even 
at that time. The plant included two multiple-story buildings used 
as machine and erecting shops, a forging shop, a building used for 
some machine operations, for dropping malleable castings and for a 
warehouse, a wood-working shop and warehouse, another warehouse, 
and a malleable and a grey iron casting foundry. There were in all 
five engines driving these different shops, with the necessary trans- 
missions from one building to another. In a few cases, quite elab- 
orate systems of shafting were installed to drive a single piece of 
machinery; such, for instance, as the elevator in the warehouse. The 
engines ranged from 150 to 500 h.p. It was not possible at that time 
to determine accurately the aggregate of power consumed in that 
plant, but it was estimated that a single 1500-h.p. engine would 
carry the entire load. In the light of later developments, this 
amount now seems excessive, as a number of shops have since found 
that the amount of loss by friction in the transmission is greater than 
was estimated at that time, namely 30 per cent. The single engin 
could have been run condensing, as plenty of water was at hand. 
The several smaller engines did not pay, of course. 

50 The following items would have decreased expenses, if this 
plant had been driven electrically: 


Lower first cost of engines. 

Lower first cost of boilers. 

Lower cost of piping. 

Lower cost of power houses. 

Lower cost of stacks. 

The omission of all transmission machinery. 

Greater economy of the engine in its steam consumption. 

Economy in oil and waste. he aad 

Economy in repairs. wy 

Reduction in the number of engineers required. 

Reduction in the number of firemen required. 

Saving in the handling of coal and ashes. _ 
¢ 
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m A probable more even load during the day, as the greater 


number of machines on a single engine has a tendency to 
equalize the load. 


51 <A number of these points are of value when a power plant is 
newly built, but are of no value where an established power plant is to 
be changed. To offset the above items the following must be con- 


sidered 


a Greater first cost due to the generators. 
b Greater first cost due to the wiring. 
ce Greater first cost due to the motors. 


52 Besides, there are a great number of other factors to be con- 
sidered. In this plant there were no duplicate engines, so that it 
would not be fair to figure in the first cost of the electrical installa- 
tion of a reserve unit; though, of course, good present-day engineer- 
ing would consider this an absolute necessity. It is true that where 
there are a number of engines, the breaking down of a single engine 
does not throw the entire plant out of action; but it is also true that in 
the plant under consideration the stoppage of a single department 
would soon have closed the entire plant. Considerations of this kind 
cannot be generalized, but must be taken up in detail in every specific 
case, 

53 Another point to be kept in mind is, that copper wire largely 
takes the place of transmission machinery, and that such wire is an 
asset with practically no depreciation except that due to fluctuation 
in price (and this may be up as well as downward). On the contrary, 
transmission machinery should be considered as an expense, as in 
most cases it has no value except as scrap iron when no longer in use. 


COST OF UPKEEP 


54 Still another point, and one which should have most careful 
sideration, is the value of the time of the plant, and the relative 
inces of a breakdown. In some plants the process is continuous: 
lat is, the product goes from one machine to another without 
rruption, and the breakdown of a single machine would cause 
he stoppage of the entire plant. In such cases the breakdown 
hould be charged with the amount of the productive capacity of the 
er ire plant during all of the time lost. In other plants the various 
m.hines balance each other only roughly and often there is a small 
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surplus of almost all kinds of machines in use, while some of the ma- 
chinery is used only part of the time. Where these conditions pre- 
vail, the loss due to a breakdown of a single machine may be simply 
the cost of repairing the apparatus. In a majority of cases, neither 
of these two extremes is the true condition, and the engineer consider- 
ing the kind of drive to be used must make some estimate of the loss 
due to a breakdown in any part of the installation. It should be kept 
in mind that the correctness of his estimate can never be established 
by positive proof; for, no matter which course he takes, it is impossible 
to say positively what would have been the result if he had pursued 
the other. 

55 Though all of the points mentioned above affect the ultimate 
economy of the power installation, their relative importance changes 
with local conditions. For example, while the saving in the coal bill 
may be of the greatest importance where coal is high-priced and where 
the expenses for power are a large portion of the total expenses, this 
saving may be a vanishing quantity where coal is cheap, and where 
the expenses for power form but a small fraction of the total expenses 
of the plant. 

56 While in the example cited there was a decided saving in the 
number of engineers required there may still have been a loss on this 
score, due to the fact that in some small plants a high-grade engineer 
must be employed for an electrical installation, whereas a combina- 
tion engineer and fireman would be good enough for the engine-driven 
proposition. And so on all along the line: what is a saving in one 
case may be a loss in another. 


COST OF UNIT POWER 


57 In practically all cases which have come to the notice of the 
writer, the cost of power per unit has gone down after conversion to 
electric drive, but in no case was it possible to point out in what way 
the saving was effected, as in addition to the substitution of electric 
drive for shaft transmission there were always other changes which 
might affect the cost of the power. Such changes were, more efficient 
engines, better boilers, new auxiliary devices, etc. Also in al! 
these cases, the amount of power required after the conversion wa= 
greater than before: this was not proof that the new installation 
was less effective than the old one, however, the probable caus: 
in all these cases being that the output of the shop increased muc!: 
more than the amount of power saved would have taken care of. I! 
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is almost to be regretted that high-speed steels made their entrance 
into the shop almost simultaneously with the electric drive. Though 
both are good, they have obscured each other to such an extent 
that it is almost impossible to trace the effects of each item separately. 


oo CHOICE OF THE ELECTRIC SYSTEM 


58 If, after considering all these points in a general way, the engi- 
neer comes to the conclusion that the electric drive will decrease expen- 
ses, then the next step will be to select the nature of the drive. The 
diagram in Fig. 2 shows the main points to be considered. 

59 Whether a central generating station or a multiplicity of 
smaller plants is preferable, depends again on local conditions. 
Certain conditions might make a number of generating plants pre- 
ferable, as, for example, in a plant which consists mainly of a machine 
shop requiring considerable power, with a smaller wood-working shop 
located at a considerable distance from the rest of the plant. In this 
case, the outlay for copper to supply the wood-working shop with 
power would be considerable; whereas by placing an individual gener- 
ating plant near the wood-working shop, the shavings might be used 
instead of coal. 

60 Another case would be where a portion of the shop requires a 
great amount of power, but only for a short time each day, or per- 
haps at long intervals, thus necessitating a large outlay in generating 
machinery and copper. By separating this part of the plant, the 
outlay for copper is avoided and a cheaper class of generating ma- 
chinery may be used. 

61 The writer has in mind a plant devoted to the making of elec- 
tric generators and motors. By far the greater part of its output is in 
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sniler units, but a certain small percentage is in larger generating 
un's. The power required for testing these large generators exceeds 
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all the power required for the operation of the entire plant. This plant 
gets its current from a central station near by, but the amount of copper 
required for the large testing currents would be more than the cost of 
installation of a cheap gas engine and generator. Here again the 
engineer must consider conditions as he finds them and must not bh: 


governed by general principles only. 


ALTERNATING OR DIRECT CURRENT ~5o 


62 The question whether alternating or direct current should be 
used is especially difficult of solution, and there is a wide difference of 
_ opinion among engineers as to which is best. It may be that too many 
engineers look at this proposition only from a power standpoint, with- 
ont giving due attention to the output of the plant. Commercial 
reasons also have figured largely in the past, the representatives of 
-eompanies manufacturing both kinds of apparatus naturally advocat- 
ing the alternating variety, as by so doing they eliminated some com- 
B mia Now that more electrical companies manufacture alternat- 
ing apparatus, this phase of the matter has almost entirely disappeared. 
63 Alternating current. It may be said that, all other conditions 
being the same, alternating current offers an advantage when the 
distances over which the current must be transmitted are considerable. 
‘The fact that current can be generated at high voltage diminishes the 
amount of copper needed for transmission, but here again the problem 
z not simple. Attention must be paid to the expenses incurred in 
step-up and step-down transformers and auxiliary apparatus; and also 
to the fact that money invested in copper conductors is lost only in 
part, while money invested in auxiliary apparatus is lost almost 
entirely in case of achange. There are a number of cases where the 
installation of alternating current would be the only practical solu- 
tion, on account of the long distances and the heavy currents to be 
_-earried. 

64 The advantages of alternating current, as well as its disadvan- 
tages, are well understood, and it is unnecessary to call attention to 
these points. It may be well, however, to point out instances where 
it is easy to make a choice. Given a plant covering a large area and 
using large amounts of current, of which only a small portion is used 
for variable-speed machinery, and of sufficient size to permit of the 
use of a separate unit for lighting current, alternating curren! 
would be the logical solution. On the other hand, given a compac' 
plant. using a large portion cf the power for variable-speed machinery , 
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direct-driven by motors, and of which the lighting nek] is small i in the 
daytime, it would be natural to select direct current. As a rule, 
however, conditions are not so simple, and it is generally very difficult 
to prophesy which system will give the best results. Of late the prob- 
lem has been complicated by the fact that a great many machine 
tools may be had with single-pulley drive, to which an alternating- 
current or a direct-current motor is equally applicable. 

65 The points in favor of the alternating-current motor are then: 


a High breakdown point; that is, the motor goes on with 
no material change in speed under very heavy overload. 

b Freedom from commutator trouble. This is especially 
valuable where fine chips are made, or where compressed 
air is used in connection with the machine. It is not such 
a weighty point as it used to be, as the better makes of 
direct-current motors are now equally free from this kind 
of trouble. 

c Most cities are now lighted by alternating current, so that city 
current can be used in smaller plants, provided the 
machine tools are arranged for this kind of motor. 


66 Direct current. The points in favor of the direct-current motor 
are: 


a Wider air-gap, allowing a greater amount of wear in the 
bearings before the motor has to be repaired. 
b The possibility of power and lighting-loads on the same 
circuits without the poor regulation due to inductive load. 
ce The possibility of using variable-speed motors. ‘This is, 
perhaps, the greatest argument in favor of the direct- 
current motor. Though it is possible to run a great 
_ many machine tools by a motor, yet one of the greatest 
advantages of such a drive is not available unless the 
motor is of the variable-speed variety. 


67 Alternating voltage. When a decision has been reached as to 
the nature of the current to be employed, the next step will be to 
decide as to the voltage. A high voltage is likely to be in favor if 
distance was a controlling factor in the decision to use alternating 
current: for it is this possibility of using high voltage, which makes 
alternating current desirable under those conditions. Where the dis- 
tances are relatively small, it becomes simply a matter of computa- 
tion whether low copper cost plus the expenses for transformers, etc., 
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will give greater or less economy than high copper cost without aux- 
iliary apparatus. Ina great number of cases, current is bought from 
some power company, and in such cases there is no choice. In any 
case, however, it remains to be decided to what voltage the current 
shall be transformed. Few engineers nowadays adopt the 440-volt 
current, on account of the greater danger, and for the same reason 
500-volt direct current is very little used. It should be kept in mind 
that alternating current is more dangerous than direct current of the 
same voltage. 

68 Frequency and phase. Frequency depends on the use to be 
made of the alternating current. In late years a compromise has been 
reached, which fills practically all wants of the shop by one single 
frequency, namely 60 cycles. 

69 Though there is still some difference of opinion, the question of 
the number of phases is now fairly well settled in favor of the three- 
phase current. It would be difficult, however, to point out the 
advantage of this system over the two-phase system, or vice versa, 
as far as use in shops is concerned. 

70 Direct voltage. The choice of voltage is easier when direct cur- 
rent is used. There was a time when the multiple voltage seemed to 
take a strong hold on engineers for use in machine shops, and the 
writer must confess that he had strong faith in the ultimate success of 
this system. However, the development of the variable-speed motor 
has made the system somewhat superfluous and it has not been 
installed in any new shops of late. It might be said that, for all prac- 
tical purposes, the system is dead. 

71 There is, however, a kind of multiple-voltage system in use 
which deserves even at the present day the serious consideration of the 
engineer. This is the three-wire system, which allows of the use of 
110 and 220 volts in the same shop. The 110-volt system alone 
would require a large amount of copper for power purposes, while 
the 220-volt installation leads to some difficulties in regard to lighting. 
However, there are many installations where the 220-volt system 
is used throughout, both for power and lighting, while the number of 
shops where a 110-volt system is used for both purposes is very small. 

72 There are a few shops using 500 volts, but the number is very 
small as compared with the other voltages; and it is generally possible 
to trace the reason for such an installation to the fact that the 500- 
volt current is available because used for some other purposes, as, for 
instance, in the case of a repair shop for astreetrailway system. This 
system is not to be recommended for a shop (though it is economica! 
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in the use of copper), for the reason that it is dangerous and where 
there are a large number of circuits and much metal in buildings and 
machinery great care must be taken to avoid grounds. 

73 Combined alternating-current direct-current systems. There is 
finally the combination of alternating and direct current to be con- 
sidered. This combination has its advantages, especially where it is 
possible to purchase current from some large power company, which 
as a rule delivers its product as alternating current. Transformers 
reduce the voltage to the proper point at the entrance to the shop, and 
the low-voltage alternating current can be used for all purposes except 
for driving variable-speed motors, and perhaps some auxiliary appara- 
tus such as magnetic clutches, lifting magnets, etc. As the cost of 
installation is generally low in such a case, and the price per unit of 
power usually less than it could be made for, such an arrangement is so 
inviting that a number of objectionable features may be overlooked. 
The most serious objection, perhaps, to this method of driving a shop, 
is that the shop has absolutely no control over the supply of current, 
and there is nothing to be done in the case of a breakdown but sit 
down and wait. This is especially serious, as power delivered in this 
manner is generally transmitted over a long distance which increases 
the chance of a break in the wires, especially in bad weather. aes 


4 METHODS OF APPLYING MOTORS TO MACHINE TOOLS | 


74 The mode of application of a motor to a machine tool, the selec- 
tion of the motor, and the lines along which economical results may 
be expected, are fairly well defined at the present time. The follow- 
ing tabulation shows the present state of the art. 

75 Bench lathes: To be driven from a countershaft, attached to 
the wall or bench and driven in its turn by a motor. Any kind of 
motor, except a scries-wound or heavily compounded motor, will 
do. The object of the motor drive is to get the machine in the best 
possible location without regard to the location of the lineshafting. 
A number of these machines may be driven by a common lineshaft, 
driven by a motor. 

76 Speedlathes: To be driven from a countershaft, located under 
the lathe, or by adirect-connected motor. In the latter case, a varia- 
ble-speed motor is to be preferred, if direct current isavailable. Motor 
drive is recommended when the machine is used in the assembling 
department, as the machine may then be placed where it is most needed, 
an the assembling department being generally of greater height than 
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. other departments crane service would interfere with countershafts. 
There will be no material gain, if the machine is to be used for ordi- 
nary shop operations, 

77 Engine lathes: Various modes of motor-driving are in use. 
Some makers furnish motor-driven engine lathes as standard appara- 
tus. Some have a headstock with a limited number of speeds and 
depend on a variable-speed motor to fill out the speeds of the lathe. 
Others apply a constant-speed motor, or one with a limited amount of 
variation, to an all-geared headstock. In general the use of this class 
of machines in the shop would naturally lead to group drive. The 
advantages of the individual motor drive lie in the possibility of com- 
pleting a job in one setting. There is no material advantage, if the 
machinesare used for regular manufacturing operations, except where 
the location demands the motor drive. 

78 Heavy engine lathes, forge lathes, etc.: To be driven by a direct- 
connected motor. The motor should be direct-current, as these 
machines are too heavy to permit a convenient all-gear drive. If no 
direct current is available and there is only one machine of its class in 
the shop, and this is used for an occasional job only, an alternating- 
current motor could be used, leaving a wide gap in the speeds. If 
these machines are used for manufacturing purposes, however, it will 
pay to install a small synchronous connector. The speed range in the 
motor does not need to exceed two to one, though a wider range is 
better if obtainable without complications or large expenses. The 
position of the motor should be low, as the vibrations in the motor- 
support have a decided influence on the capacity of the machine, as 
well as on the repair bill. The output of this class of machine may 
easily be increased from 20 per cent to 25 per cent by motor drive. 

79 Further advantages of the motor drive are, the possibility of 
placing the machine in the line of the routing of heavy work, and of 
placing it immediately under the traveling crane. This latter object 

ay be reached with a belt-driven machine by placing the headstoc\ 
under the gallery, if the construction of the shop lends itself to this 
arrangement, but the same convenience as that of the motor drive 
cannot be obtained. 

80 Azle lathes, wheel lathes and driving wheel lathes: It is o! 

_ the greatest importance that this class of machinery should have the 
highest possible efficiency, and the most convenient location. These 
machines are mostly used in railroad repair shops, where time save! 
does not mean merely the saving of some wages, but each day gainc:! 
means an added day in the earning capacity of the engine. It s 


therefore important that these machines be motor-driven whenever 


installed in a railroad repair shop, though this does not mean that 
they should not be so driven if used for manufacturing. Direct cur- 
rent should be used. The economy of the motor drive should not be 
figured in increased output, but in reduction in time required to repair 
an engine. 

81 Chucking lathes: Generally speaking, there is little reason why 
a chucking lathe should be motor-driven. Most chucking lathes are 
provided with the necessary mechanism to shift speeds quickly. A 
few types handling large work may be motor-driven to advantage, 
though practically the only advantage lies in the fact that small gradu- 
ations in speed can be thusobtained. Such machines therefore require 
a variable-speed motor. 

82 Automatic screw machines: Small machines of this class are 
generally group-driven. Large machines may be motor-driven to 
good advantage. The larger sizes have generally one or two speeds for 
one piece of work, though these speeds may be varied when the 
machine is reset for a new piece of work. The speed given to the 
machine must naturally be proportional to the largest diameter to be 
turned, or in other words, to the size of stock used. This will reduce 
the speed for some of the operations, such as drilling and reaming, 
far below the economical speed. The amount of time saved by the 
application of the variable-speed motor may be considerable. Where 
the construction of the machine permits, two motors, one for feed and 
one for speed, would give still better results. In all cases variable- 
speed motors should be used. 

83 Sensitive drills: The only reason why a sensitive drill should 
be individually motor-driven is, that it is often used in the assembling 
department, where height of ceiling and crane service would make a 
belt drive awkward or impossible. Most sensitive drills have in 
themselves all the speeds required for their work, so that any type 
of motor will be adaptable. The motor may either be directly applied 
to the machine or drive a countershaft on a stand, or it may be 
placed on the floor by the side of the machine in case the machine car- 
ries its own set of cones or other variable-speed device. 

S4 Drill presses: Generally speaking, the upright drill is used for 
manufacturing operations and does not require frequent changes of 
speed. There are, however, many exceptions, for instance, where up- 
right drills are used to perform all the operations on a piece by means 
ofajig. In this case frequent changes of tools, and therefore of speeds, 
are required, and an individual motor drive, whether direct-connected 
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to the machine or operating on the countershaft, is of the greatest 
benefit. No great benefit can be derived from a constant-speed motor 
with this type of machine. Radial drills may be considered the 
same as upright drills. There is an additional reason why radial 
drills should be motor-driven—they are often used in the neighbor- 
hood of the assembling floor. 

85 Boring machines: Where boring machines are specialized, 
performing only one operation, there is no good reason why the motor 
drive should be preferred to belt drives. Where, however, the 
machine is used for a multiplicity of operations, such as drilling, bor- 
ing, reaming and facing, a motor drive is beneficial if a variable-speed 
motor is used. The range of speed of the motor should be as wide as 
possible, that no gears may have to be shifted for the entire set of 
operations on a single hole. Especially where a boring machine is 
used for facing, this variable speed will be found highly economical. 

86 Grinders: Grinders in general require so many various move- 
ments driven from countershafts that it is hardly possible to apply a 
single motor directly to the machine. The best that can be done is 
to attach the countershaft to the machine, and drive the former from 
a motor standing on the floor or on a bracket attached to the machine. 
In isolated cases it would be well to have one or more motors, each 
controlling a single operation, attached directly to the machine. 

87 Planers: Planers in general are not benefited by the applica- 
tion of a motor, as the motor only complicates the difficulties of a 
planer drive. However, large planers which must be placed under a 
crane give better results when motor-driven on account of the facility 
of handling the work. Another possible advantage when using a 
variable-speed motor and controlling the speed of the motor at the 
end of the stroke, is that much higher return speeds can be obtained 
in connection with any desired cutting speed. 

88 Shapers, slotters etc.: What is true of planers is alsotrue of 
these classes of machines. Local conditions may make it advisable 
to drive them individually by motor, but generally speaking, there 
is no great benefit from this drive. 

89 Milling machines: The larger sizes of knee-and-column type 
machines, if motor-driven, will give the best results if the motor is of 
the variable-speed type, especially where these machines are used for 
gang work. This is due to the fact that the speed of the mills is 
dependent on the largest cutter in the gang, while the feed is depend- 
ent on the smallest cutter, not counting the limitations due to th: 
nature of the work. It is therefore important that the speed should be 
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as close to the permissible limit as possible. 

type of milling machine the motor should be as low down as possible, 
as vibrations in the machine have a marked effect on the quality of 
the finish. 

90 Planer-type milling machines: In practically all cases ma- 
chines of this type should be motor-driven in order that they may be 
located under a crane. It is not so very material, however, whether 
the motor is of the constant-speed or the variable-speed type. 

91 Punches, bending rolls, shears, etc.: This class of machinery, 
used largely for boiler, bridge, structural iron and ship-building work, 
is generally placed in high shops and under cranes, and in locations 
and directions most convenient for the routing of the work. The 
shops in which they are placed are generally large and contain a 
relatively small amount of machinery, so that the amount of trans- 
mission gearing required is large in proportion to the amount of 
machinery. It is for this reason advisable in almost all cases to 
drive this class of machinery by an electric motor, which, of course, 
does not need to be of the variable-speed type. 

92 It was not the intention to go into detail on the application of 
the motor to the machine tool, and the above should be considered as 
merely an enumeration of some of the important points for the most 
constantly used machines. It is in no way a treatise on motor drive 


applied to machine tools, — 
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ECONOMICAL FEATURES OF ELECTRIC MOTOR 
APPLICATIONS 

By Cuartes Rossins,' East Pitrspura, Pa. 

Non-Member 

93 The principal object of this paper is to show, by figures and 
curves, based upon actual tests and investigations of existing instal- 
lations, how a problem in motor drive can be handled in order to show its 
maximum economy. It will endeavor to show that the hourly cost 
of operation is dependent upon the characteristics of the various types 
of machine tools, from the standpoint of power and time required. 
The load and time factor of the tool will be taken into account and the 
influence of this factor on the cost of production. Data are also given 
upon the electric-motor equipment of machine tools, with suggestions 
for its standardization. 

94 There are certain types of tools in which the operations to be per- 
formed require constant speed, for which service the constant-speed 
type of motor should be used. Other types of tools call for a cycle of 
duties in which the range of speed may vary almost from minimum to 
maximum conditions. In these cases the adjustable-speed type of 
motor should be used for the greatest economy. There are, therefore, 
in a single shop two distinct service conditions calling for different 
types of motors, different methods of applying the motors to the tools, 
and different methods of control. 

95 Where direct current is available, these conditions can be met by 
the direct-current motor, i.e., both a constant-speed and an adjustable- 
speed motor is available for machine-tool work. On the other hand, 
the alternating-current motor is essentially a constant-speed machine. 
At the present time no commercial method has been found for varying 
the speed of an alternating-current motor in such a way that it can be 
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successfully used for machine-tool service. Thus it is apparent thet 
the machine-tool designer must take into account not only the applica- 
tion of the motor to the tool, but also the class of current supply avail- 
able in the manufacturing establishment in which the tool is to be used. 

96 An alternative method of driving is by the use of a system of 
gears, commonly called a gear box, driven by a single belt considerably 
larger than that ordinarily employed on cone pulleys. This large belt 
will to a considerable extent furnish the power required, the necessary 
changes in speed being obtained by changing the gears. Obviously, 
however, a gear box arrangement cannot be as convenient of manipula- 
tion as a motor controller, which can be mounted in a position 
easily reached by the operator. In addition to this difference between 
the two methods of changing speeds, the motor drive offers finer grada- 
tions of speed; that is, if the same results were obtained in a gear box, 
the multiplicity of gears would be considerable and the up-keep a 


matter to cause serious consideration. sS3 
: STANDARDIZATION OF TOOL EQUIPMENTS > 


97 Oneof the great drawbacks toa harmonious design of motor and 
tool has been the lack of a proper understanding of the joint problems 
of the motor and tool builder, this condition showing the necessity of 
some standard in respect to speeds or speed ratios, method of control, 
and certain dimensions of the motor or its adaptation to the tool. 
There is also a lack of standardization of the method of supplying 
power in industrial plants. For instance, there are so-called different 
systems, as direct current of 110, 220 and 500 volts, and alternating 
current of 220, 440jand 550 volts and two or three phases; also either 
25 or 60 cycles may be called for. 

98 In view of the above conditions, which are in a measure arbi- 
trary, the future development of the art will be materially benefited if 
some standardization can be adopted by the tool builder and the motor 
builder, whereby they may be able to recommend certain standard 
power equipments for metal-working establishments. 


4 STANDARDIZATION TO ACCORD WITH CENTRAL STATION SERVICE 


99 Central station power companies now realize the great advan- 
tage of a day load and are quoting low power rates to manufacturing 
establishments. It seems probable that in the future much of the 
power for small, and to some extent for large, manufacturing estab- 
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lishments will be furnished by central power companies, either those 
which are formed for the purpose of furnishing power only, or those 
which are regularly organized as public utility companies, furnishing 
both power and light. To this latter type of existing central power 
stations the day load supported by power service to manufacturing 
establishments is particularly attractive. 

100 As most communities contain both manufacturing plants and 
central station companies, we look forward to an immense develop- 
ment of central power service, to be used by large manufacturers as 
well as by the smaller ones. For this reason we suggest that the class 
of service, i. e., the characteristics of the current supply, should be 
taken into account when making standards for the operation of metal- 
working tools. 

101 Thesteam railroad companies asa class have been to a consider- 
able extent the largest single purchasers of machine tools, and it is well 
to consider the power requirements of such classes of purchasers when 
deciding upon a standard of motor equipments for tools. 

102 For some years it has been the almost universal practice of 
steam railroad companies to install alternating-current generator equip- 
ments in their power stations; these are principally of the turbine type, 
largely for the reason that their requirements are to a considerable 
extent similar to those of the central stations of power companies. 
They are called upon to distribute current for lighting their train sheds, 
stations and yards, and power for operating turn-tables, transfer 
tables, etc., and for the operation of their repair shops, which usually 
consist of machine and wood-working divisions. Because of the sim- 
plicity and the great desirability of alternating-current motors, the 
railroad companies have adopted them almost exclusively for constant- 
speed service, as exemplified in the machinery of their wood shops, and 
for miscellaneous power purposes, such as pumping, operation of fans, 
and driving incidental sections of lineshafting for supplying power to 
the smallest types of tools, on which it would be inadvisable to em- 
ploy individual motors, and to tools requiring constant-speed motors. 

103 For tools whose operation calls for adjustable speed, the stand- 
ard practice is to employ direct-current adjustable-speed motors, using 
a controller located conveniently to the operator in such a way that the 
variation from minimum to maximum speed can be made with great 
facility, therefore affording a ready means of obtaining the maximum 
output for which the tool is designed. 

104 It will be evident from this practice that two kinds of current 
are employed—alternating current for the med and direct current 
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for all secondary operations. To transform from alternating current 
to direct current, either a rotary converter or a motor-generator set is 
employed, the specific selection of one or the other depending some- 
what upon local conditions and the class of supervision available for 
the operation of the outfit. 

105 The same scheme of operation can be very advantageously 
employed when using central station service for the operation of 
machine shops or metal-working establishments in which machine tools 
are employed. Such a standardization of tool equipments by the tool 
builders and the motor manufacturers would tend to place the opera- 
tion of metal-working tools on a more economic basis, in that it would 
enable better tool equipments to be designed with a definite certainty 
that the motor requirements could be forecasted. As it is now, a very 
considerable risk is involved in designing tools in advance of orders. 
Few companies manufacture motor-driven tools in large quantities and 
the public is thus called upon to pay a higher price because of a lack of 
standardization. 

106 On account of the fixed conditions of central station service, it is 
almost universal for the service to be 60-cycle, 3-phase, and as the 
transmission line is of relatively high voltage, transformers will be nec- 
essary at each industrial plant, and the voltage of the motor installa- 
tion can thus be suited to the requirements. In metal-working estab- 
lishments, where the motors can be located on the tools, or to some 
extent in close proximity to the metal structure, it is desirable to use a 
relatively low potential, say 220 or 440 volts. Thus in a measure 
there has been established automatically a standard for alternating- 
current service, consisting of 60-cycle, 3-phase, 220-440-volt, this 
standard being that used by most of the largest single purchasers of 
metal-working tools, i. e., the steam railroad companies. 

107 By the adoption of standards which conform with the central 
station supply service, it is evident that even in the case of very large 
manufacturers who have their own isolated power plants, use can be 
made of a so-called break-down connection with the central station 
power company, as an extra precaution to insure continuity of service. 
This break-down connection can be made available only when the ser- 
vice supply is uniform with that employed by the isolated plant. 
Connection to a central power company would prove a very great 
advantage to a manufacturer for overtime work, when but little power 
is usually required, or under conditions when but a small percentage o/ 
tools are in operation, asit would permit closing down the isolated plant, 
and the operation of the limited service from the outside power system. 
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108 This standardization of tool equipments would also enable 
existing manufacturing plants not equipped throughout for electric 
driving, but requiring the service of machine tools, to make trial instal- 
lations of motor-driven tools or of a rapid-production tool, in which 
much of the advantage to be gained is due to the motor drive. 


ANALYSIS OF OPERATING CONDITIONS 


109 Itisonly recently that data have been available to show beyond 
doubt the intermittent operation of the average machine tool. When 
a machine shop is driven by a belt from engine to lineshaft, and 
from lineshaft to machine tool, it is difficult to determine with any 
degree of exactness the length of time any particular tool is in opera- 
tion, or the average time of operation during the working day. 

110 Withthe installation of motors on lineshafts, it became evident 
that the total horsepower capacity of motors was much in excess of the 
power generated in the power station. This ratio is sometimes three 
to one, at other times possibly four to one. 

111 As individually driven tools are adopted it is noticeable that 
the total horsepower capacity of all the motors connected to the 
service grows very rapidly, and that the ratio of the connected capacity 
to the power supplied is often as high as five or six to one, indicating 
that the time-load factor of the average machine tool is relatively low. 

112 This apparent difference between the connected capacity of 
motors and the demand on the power station has led to a careful analy- 
sis on the part of the motor builders to determine exactly the length of 
time tools can be expected to be in operation. 

113 An analysis which took into account the time of loading, 
cutting, unloading, and other delays occasioned by miscellaneous 
causes, showed conclusively that it was not necessary to use a continu- 
ously rated motor; in fact, an intermittent rating on the motor for a 
period not exceeding two hours’ continuous service answers for almost 
all kinds of machine tool applications. This knowledge enabled the 
motor manufacturer to build a more economical motor, one of smaller 
size, and consequently reduce the expense of applying motors to 
machine tools. The present-day tool equipment ought not, therefore, to 
he much more expensive, if any, than that of the belt-driven tool, when 
the cost of belting, shafting and power house equipment is considered. 

114° When machine tools are equipped with individual motors, a 
eraphie recording meter may be connected in the motor circuit, mak- 
ing it possible to have a complete log of the operation of the particular 
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tool during its time of service. The chart furnished by the graphic 
meter will show the time of loading and unloading the tool, the time 
of cutting, all delays due to stoppage for one cause or another and 
the amount of power to operate the tool, which is a direct function of 
the work done. 

115 Fig. 3 shows a graphic recording meter by which interesting 
tests have been made in studying machine tool operations. The 
instrument is unlike an indicating meter, in that instead of a needle 
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passing over an indicating scale, the meter is provided with a pen mov- 
ing horizontally, thus making a line on a properly graduated roll o! 
paper. The paper is moved by clockwork, vertically, and at right 
angles to the pen, so that a permanent record of the magnitude and 
time of all operating changes is obtained. 

116 A time study of each tool can be made from these charts, anc 
knowing the theoretical time for the job an analysis can be made of the 
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curve, furnishing information that will enable the foreman to increase 
the productive capacity by the elimination of delays. He will also 
know whether or not the tool has been working at its maximum capac- 
ity and whether the tools have been kept up to standard conditions, 
and in general can apply the necessary remedies. 


Tue Economics oF Moror DrivE As DETERMINED BY THE ACTUAL 
PERFORMANCE OF THE TOOLS 


117 The economy of the individual motor drive, due to the fact that 
practically the exact cutting speed can be obtained for any operation, 
has been pointed out. This economy is not so important, however, as 
that of keeping a tool in continuous operation through longer periods 
of time, by reducing the time required for handling and other avoid- 
able delays, as previously mentioned. 

118 Theaccepted method of capitalizing motor drives seems in gen- 
eral to be on the basis of the incidental savings in the workman’s time. 
In our opinion this is not the whole story byany means. When deter- 
mining the monetary advantage of motor drive, the value of time sav- 
ing should be considered on the basis of its effect on the total cost, 
which includes the workman’s labor and the investment cost per hour 
of the tool. 

119 In addition to workmen’s wages, every shop has the following 
expenses: 

_@ Interest and depreciation on cost of buildings and acces- 

sories. 

6 Repairs and renewals to existing equipment. 

General operating expenses, including losses due to defective 
workmanship, design and material, 
d Salaries of supervisors, engineering staff and clerks. 

120 These overhead charges must be included in the cost of any 
ianufactured article. A method frequently employed is to deter- 
‘aine from time to time the percentage which the total overhead charge 
bears to the cost of total actual or productive labor. This percentage 
in large shops reaches from 100 to 200 per cent, or even more. The 
ivotal labor charge is then obtained by multiplying the actual labor cost 

‘one plus the per cent to be added for the overhead charge. 

121 This is aneasy way to take care of the overhead charge; but the 
| .ethod is inaccurate and does not show the relative importance of dif- 
ferent types and sizes of machines. ‘This fact is especially important 
where a great variety of materials is manufactured, in shops using a 
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large number of different types and sizes of tools. Under such condi- 
tions, the percentage obviously varies within wide limits for different 
kinds of work. 

122 A satisfactory method of distribution is to set off against each 
tool its proportion of the total overhead charges. The portion charge- 
able to each tool depends entirely on local conditions; and thorough 
familiarity with these conditions is needed in order to apportion these 
charges equitably. In this way, the relative importance of each 
machine is recognized. 

123 Ina shop where only one type of article is manufactured, and 
the castings are passed from one machine directly to the next, a simple 
and logical way is to divide the total overhead charge among the tools, 
in proportion to the floor space charged to each tool. In the majority 
of shops, however, the above simple condition does not exist; several 
sizes and kinds of articles are usually turned out, and various sizes and 
types of tools, differing greatly in their operating characteristics, are 
employed. In such cases, not only must the floor space be considered, 
but also the time each tool is actually in operation, the nature of the 
work and the amount of supervision and engineering attention needed. 

124 Large shops handling different classes of materials are in most 
cases divided into various departments or sections, and each section 
may be considered as a separate smaller factory. The overhead 
charges against each department may thus be apportione| among its 
tools in proportion to the floor space occupied, making proper allow- 
ance for special local conditions, or special supervision or engineering 
attention. Here again is required thorough familiarity with both the 
engineering and the shop features of the materials manufactured. 

125 In our experience we have found the overhead charges to be 
approximately as follows: oa 
Variable charges from 50 to 55% 
Salaries from 25 to 30% 
Interest on cost of machine tools from 5 to 10% 
Depreciation on cost of machine tools : y from 5 to 10% 
Fixed charges ; 3% 
Power from 1 to 2% 


The detail method of arriving at these general figures is found in 
Appendix 4. 
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DEFINITIONS OF TERMS 


126 In discussing the economics of motor drive there will beanum- 
ber of terms used which are here given with our interpretation of their 
meaning. 


Applied to the operation: 
Time factor = ratio of actual cutting time to total time required to complete 
a machining operation 


Actual cutting time 


= 
Total time to complete operation 
Applied to a machine tool: ae 


Total daily actual cutting time in hours 
= x 100 
Total number of working hours 


Time factor 
in per cent J 


Average running load=average input to motor while operating, usually ex- 
pressed in kilowatts, but may be expressed in per cent of full load input. 
For rough calculations in this paper the input of a motor in kilowatts is as- 
sumed to be the same as the output in horsepower; that is, the motor efficiency 
in all cases is assumed to be about 75 per cent. This low percentage will take 
care of the fact that motors operate at light loads a considerable part of the 
time. 
Maximum load = maximum input to motor, expressed in same terms 
as the average running load. 


Average load = average daily load = average input to motor during the total 
working hours; usually expressed in kilowatts. This load multiplied by 
the total number of working hours gives the total kilowatt hours con- 
sumed per day, and is the basis of payment for energy. The average load 
multiplied by the number of hours per day and by the price per kilowatt- 
hour gives the cost of energy per day. The average load also equals the 
average running load multiplied by the time factor. 


Load factor = the ratio in per cent of the average daily load to full load rating 
of the motor, or 


Average daily load 


- Full load rating of motor 


CONDITIONS ENTERING INTO THE OPERATION OF A MACHINE TOOL 


‘27 In order to obtain a maximum output from a machine tool, a 
careful analysis must be made of all the conditions entering into the 
operation of the tool. One method of doing this in the case of a motor- 
driven tool is to take power readings at frequent intervals and lay 
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these out on a chart basis. Another and a much more convenient 
method is the employment of a suitable meter, as already described, 
designed to make a graphic curve, showing the exact condition occur- 
ring in the service when such a meter is applied to any motor-driven 
tool. 


| 


Amperes 


Reverse 


Reverse | 
Reverse 


Chanye 


ll 10.45 10.30 10.15 


| Fic. 4 Merer Record WHEN TURNING SHarr SHOWN IN 5 


128 Fig. 4 shows a record obtained while shafts of the dimensions 
shown in Fig. 5 were turned from machinery steel. Both Fig. 4 and 
Fig. 5 are lettered for reference. The records read from right to left, 
as indicated by the time at the bottom of the curve in Fig.4. The ver- 
tical codrdinate is in amperes, the full scale being 50 amperes. Thiscur- 


19% in. 7 9% 
Stock 3% in, diameter 


or MAcHINERY STEEL 


rent at 220 volts corresponds to.11-kw. input tothe motor. At th 
extreme right, the record indicates zero power; that is, the motor was 
standing idle. 

129 During the interval marked “change,” the stock to be turne: 
was placed in the chuck of the lathe. At a the current increases | for a 
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very short interval to about 3 amperes, while the lathe was running 
idle. The current then suddenly increases to about 30 amperes, due 
to the fact that the cutting tool was fed against the stock and the cut 
started. The current remains at this value for a period of about five 
minutes while the cut AB is taken, changing the diameter of the stock 
as indicated in Fig. 5. At b the current drops to three amperes, the 
motor running idle while adjustments of cutting tools are made. 
The current then increases to 28 amperes while the cut BC is taken. 
At c the machine is stopped to reverse the half-completed shaft for 
machining the opposite end. At e the machine is again started and 
the current increases to 27.5 amperes while the cut 2D is taken. 
Another adjustment of the diameter is then made, the machine run- 
ning idle for ashort interval. From 8 to 10 amperes are required when 
the final cut DC is taken, after which the machine is stopped to remove 
the completed shaft. A similar record is produced when the next 
shaft is turned. 

30 The record shows three completed cycles, covering the time 
required to complete three shafts. At 11.15 a.m., before taking the 
cut ED, there are sudden fluctuations of current; the form of the curve 
compared with other cycles shows clearly that some trouble was 
encountered with the cutting tool or work, and the adjustments made. 
The record also shows the delay in time. 


TABLE I ANALYSIS OF TIME AND POWER OF A LATHE OPERATION 
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Curtina 


Cutting 


Total 
Reverse 
Complete 


Mins. 

Amps. 

Mins. 

Amps. 

Mins. 

Amps. 

Mins 

Amp- 

Mins | 

Amps 

Mins Mins. 
Amps | 3 % 
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Tabie 1 is asummary of the data obtained from the graphic 
part of which is shown in Fig. 4. Observations of cutting 
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speed and feed were taken at the lathe. The cutting speed used while 
turning these shafts was 55 to60 ft. permin. The feed while taking the 
cuts AB, BC, and ED was 0.04 in. per revolution, and while taking cut 
DC was 0.077 in. per revolution. The normal time to complete a shaft 
was from 27 to 32 min. In case of shaft No. 1 the time was 62 min.; 
this was the first shaft turned after starting work, and preliminary 
adjustments, oiling lathe, etc., consumed 21 min.; 12 min. was 
required to adjust the cutting tool. In the case of shaft No. 5, 54 
min. was required on account of a 2 


7-min. delay. The amperes refer- 
red to in Table 1 are those below the 3 amperes required to run the 
machine idle; they are, therefore, a measure of the power required to 
remove the metal. The time factor averages 52 per cent; its maximum 
value is 67 per cent, and its minimum value is 30 per cent. The load 
factor is 25 per cent under normal conditions. 

132. It must be obvious that, with a given rate of cutting, the fewer 
the delays, the higher will be the time factor. The magnitude of the 
records is an indication of the rate of removing metal, as will be further 
explained. 

133 By means of this meter record it is possible to discover all 
delays, and to check the rate of cutting metal. Those are the two fun- 
damental factors which determine the rate of output on machine tools. 
Any deviation from the standard cycle of operation is at once detected 
from the form of the record. Observations of cutting speed and feed 
need be taken in only one case. The record will not only show the devi- 
ation therefrom, but will also indicate whether the modification is an 
improvement or a drawback to the rate of output. Fig. 6 and Fig. 7 
show two records taken on the same roughing lathe, operated by the 
same man, but turning two different shafts. The shaft turned while 
making the record shown in Fig. 6 was light, and could be removed and 
replaced in the lathe by hand. That turned when the curve in Fig. 7 
was obtained was heavy, and required crane service. The greater 
intervals between cutting operations, so apparent in the case of Fig. 7, 
were due to delays in obtaining crane service to handle the heavy shaft. 

134. Recordstaken during severa! days of operation showed an aver- 
age of 5 min. longer time required for every change and reversal when 
made by crane. This condition was remedied soon after making the 
st, by installing a jib crane next to the lathe, and the time to com- 
plete the larger shaft was thereby reduced from 55 min. to 45 min., a 
saving in time and cost of about 20 per cent. The overhead charge 
against this tool (see Appendix 4) was 60 cents per hr., or $6 per 10-hr. 
day. The operator received $3.50 per day, making a total daily 
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expense of $9.50. Before the jib crane was installed ten shafts were 
completed per day, making the cost of actual labor 1d overhead tool 
charge $9.50 divided by 10, or 95 cents per shaft Aiter the improve- 
ment, 12 shafts per day were completed with the same overhead 
charge, thus reducing the labor and overhead tooi charge to 79 cents 
per shaft. 

135 Such a delay seems self-evident, after it has been discovered, 
but in a large shop where everybody is busy small delays are easily 
overlooked. An automatic recording meter reveals delays caused 
by grinding and replacing tools, etc., besides those just indicated. 

136 The elimination of delay, however, isnot the only advantage to 
be obtained from the use of a recording meter. Il'ig. 8 and Fig. 9 are 
meter records which show rates of cutting on a shaft with the dimen- 
sions given in Fig. 8. In Fig. 8 the cutting speed was 50 ft. per min. 
The feed for cuts AB, BC and ED, was 0.05 in. per revolution, and for 
DC was 0.072 in. per revolution. The same feed wasemployed for cor- 
responding cuts in Fig. 9, but the cutting speed was 100 ft. per min. 
It will be noted that the current above friction load in Fig. 9 is double 
that required for similar operations in Fig. 8. The saving in time is 
clearlyshown. An analysis of records of th!s kind, taken over a period 
of several days, gives a means of determining the most economical 
eeds and cutting speeds to employ on a given operation. 
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TABLE 2 TIME FOR ROUGHING SHAFT, EXTREME CONDITIONS 


AVERAGE CONDITION Best Poorgst ConpDITIONS 
; Per Cent of Per Cent of Per Cent of 
Mi 1 
nutes Total Time Minutes fotal Time Total Time 
Removing and replacing 
60 38 2.8 23 14.9 50 
Adjusting tool............ 1.7 11.0 1.4 12 6.7 22 
ore 51 65 


137 Table 2shows the time relation between the various operations 
in roughing the shaft, outlined in Fig. 8. Approximately the same 
conditions were found with shafts of other characteristics. The time 
‘ctor of lathe operation for this class of work is thereby shown to vary 
fom 28 to 65 per cent, the average being about 50 per cent. 

Pers An investigation by personal observations over a short period of 
ne often leads to erroneous results, as is shown by the following 


— 
= 
» 
a 
> 
‘ 
| 
’ 
- 
a 


1SO ELECTRIC MOTOR APPLICATIONS 


experiments: In turning shafts on a roughing lathe, the first trial was 
with a cutting speed of 80 to 100 ft. per min., and a feed of 0.026 to 
0.044 in. per revolution. In the second ease, a cutting speed of 40 to 
50 ft. per min. at a feed of 0.05 to 0.07 in. per revolution was employed. 
A single job could be completed in either case in 16 min., 12 min. being 
required for cutting. However, the average time per shaft, during sev- 
eral days’ operation, was 22.6 min., with the higher speed, and 21.6 
min. with the slower speed. The same number of cubic inches of 
metal per minute was removed in each case; but with the higher speed, 
more frequent regrinding of tools was necessary, resulting in more 
delays and giving the lower speed five per cent advantage in time sav- 
ing. 


SUMMARY OF THE USES OF THE GRAPHIC RECORDING METER 


139 By means of the graphic recording meter, the following 
improvements in shop management can be effected: 

a If individual motors are used to drive machine tools, the 
exact percentage of total working hours consumed in actual 
cutting can be determined; it is found to average from 
40 per cent to 50 per cent, the maximum being as high as 
from 60 per cent to 65 per cent where the cut is of long 
duration; the minimum from 20 per cent to 30 per cent 
where jobs are short and the delay long in waiting for 
material, drawings, etc. 

b The meter reveals all delays and suggests measures for elim- 
inating those not essential and reducing all others to the 
minimum, thus materially increasing the time factor. All 
delays shown should be accounted for, and an attempt 
made to avoid them. Common delays are in assignment 
of the next job, in obtaining drawings, tools and other nec- 
essary materials, and in waiting for crane service. 

c The rate of cutting indicated by the power consumption of 
motor-driven tools can be checked with a recording meter. 

The maximum rate is limited only by the nature of the 
en work, and the strength of the machine tool and of the 
cutting tool. 
" d The rate for maximum economy can be determined for dif- 
ferent classes of work; and the records, considered as stand- 
x Paes ard, can be compared with other operations of the same 
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; a character to see whether the proper rates of cutting were 


used. Ina finishing operation the rate depends upon the 
accuracy required. A record can be made while an expert 
machinist does the job, and this record should be referred | 
to when other jobs of similar character are machined. 


140 By the use of curve-drawing meters, and a careful study of the 
data obtained, the superintendent of a shop in which the individual 
motor-driven system is employed can set a limit fair both to employer 
and employees, for roughing, finishing, adjusting and setting-up. 
Different methods of doing the same job can be compared to deter- 
mine which is the most efficient. 

141 The graphic meter need not be located near the machine to 
which it is connected, but may be placed in the foreman’s office. 
Small leads connected to a shunt, or to a series transformer, according 
to whether direct current or alternating current is employed, are all the 
wiring required. The wiring can be so arranged that the connections | 
of the meter can be readily transferred to any one of several tools; thus ~ 
a single meter can be made to serve a group, or any number of tools, | 
depending somewhat upon the frequency with which the records are 
required. 

142 So far we have dealt chiefly with the time required to do_ 
machining operation, time being a most important consideration with — 
shop managers and those who use machine tools. The power consump- 
tion, however, is also of some importance, especially to those requiring 


motors for machine tool operation. ——— 
~ 


RELATIVE ECONOMY OF LINESHAFT DRIVE AND INDIVIDUAL MOTOR 
DRIVE 


143 An increase in economy of operation of manufacturing machin- 
ery can be effected in two ways: first, by reducing the power required : 
to operate the machinery, by saving of friction load, ete.; second, by a 
reducing the time required for a given operation, or, in other words, 
increasing the output in a given time. When confronted with the 7 
problem of deciding between the continued use of an existing lineshaft 
drive, or an individual motor drive, or when deciding between the two 
mcthods for a new installation, the problem should be considered in all 
its phases, as outlined in Table 3. This table includes every important 
item to be considered, except one; and in every case the advantage is 
with the motor. 
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144 Comparing the first cost is possibly the first consideration to 
enter the mind of most men, and this is the one consideration omit- 
ted from Table 3. That this consideration is relatively of minor 


TABLE 3 COMPARISON OF LINESHAFT DRIVE AND INDIVIDUAL MOTOR DRIVE 


FOR MACHINE TOOLS 


Individual Motor 


Item Lineshaft Drive 
Drive 


Power consumption.... Constant friction loss Friction loss(motor and 
in shafts, belts and tool only); useful 
motor, power for cut- power only while 
ting working 


Advantage of Individ- 


ual Motor 


Less power required 


Speed control........... No. speeds =no. cone No. speeds = no. con- 
pulleys X no. gear troller points X no. 
ratios gear ratios 


More speeds possible; 
time saved In speed 
adjustments 


Reversing Clutch and crossed belt Reversible controller 


Time saved in revers- 
ing 


Adjusting tool and work Stopping at any defi- Can be started in either 
bite point very diffi- direction and stopped 
cult promptly at any point 


Time saved in setting 
up and lining up 


Large speed-increments Small speed incre- 
between pulley steps ments tetween con- 
trolier steps 


Speed adjustment 


Time saved by obtain- 
ing proper cutting 
speed 


Size of cut Limited by slipping Limited by strength of 
belt; large belts hard tool and size of mo- 
toshift 


Time saved by taking 
heavier cuts 


Time to completea job. 


Much less time required 
as indicated for pre 
vious items 


Liability to aceidents .. Slipping or breaking Injury to machine Much less liability to 


belts; injury to ma- tool, cutting tool or 
chine tool; cutting motor 
tool or prime mover 


accidents 


9 Checking economy of Close supervision re Accurate tests possible 


operations — : quired; very difficult by mears of graphic 
ye: to locate causes of de meter which records 
automatically all de- 
lays and rate of cut- 

ting 


Causes of delay and 
remedies easily located 
without personal sup- 
ervision 


10 Flexibility of location Location determined Location determined 


by ashafting, and  bysequence of opera- 
changes difficult tions; changes readily 
made 


Greater convenience !n 
handling and !n- 
creased «economy of 
operation; more co:\- 
pact arrangement 
sible 
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importance will be evident, when the saving in power consumption, 
and in time, made possible by individual motors, has been considered. 


SELECTION OF MOTOR AND TOOL EQUIPMENT 


145 In the selection of a motor-driven tool, there are certain feat- 
ures which should be taken into account and properly analyzed, and 
specifications drawn to cover them. If a tool is for specialized manu- 
facturing: 
a The exact class of work which the tool is to accomplish 
should be specified. 
b If the power required to remove the metal is not known, then 
; a statement should be made as to the approximate feed and 
cutting speeds to be taken. 
c Careful ana'ysis should be made of the time required to load 

unload the machine, to determine the feasibility of 

an employing auxiliary means other than manual labor for 

. loading the tools. 
d From thisinformation, an approximate determination should 
be made as to the intermittency of operation of the tool, in 
order to decide whether an intermittently rated motor or a 
toe continuously rated motor will be required. 

* From a knowledge of the physical shape of the work, deter- 
mination should be made as to whether an adjustable- 
speed motor will result in economy of time, if used on this 
particular class of tool. 

f This will enable the tool builder to determine upon the proper 
type of controller, and its most desirable location from an 
operating point of view for the workman. 

146 If a special type of tool is not desired and it is preferable to 
purchase one with such characteristics that it can be used for general 
manufacturing, one should determine as nearly as possible the range of 
material or work for which it will be used in straight manufacturing 
operations. This will undoubtedly permit of a better selection of 
motor and tool than the simple purchase of a standard stock tool. 

147 It should be realized that under present schemes of operation 
few tools are in operation more than 50 to 60 per cent of the time, 
wereas the load factor of those tools may be as low as from 10 to 40 
percent. Thus we have it brought home to us clearly that much of 
the time the tool is in idleness and that it is often operated at much 


\c-s than its maximum capacity. 7 
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: 7 148 The direct-current motors are built for speed adjustment over a 

2 range of 1 to 2, 1 to 3, and in some instances 1 to 4. With the proper 
selection of controller the speed adjustments may be made in smal! 
increments of from 10 to 15 per cent, and since these small increments 
of speed adjustment are available, it is essential that a controller be 
selected of such a type that it can be mounted conveniently to the opera- 
tor, so that he may take full advantage of them. 

149 Where it is necessary to employ the alternating-current motor, 
it may be absolutely essential to employ a gear box to obtain the vari- 
ous speed adjustments. When such a machine is employed, the fine 
gradation of speed obtainable with a direct-current adjustable-speed 
motor is absent, and the gear box will practically take the place of the 
ordinary cone pulley arrangement. It has, however, one advantage 
when motor-driven, and that is, that the tool is supplied with positive 
power at all times, and will take care of the maximum conditions with- 
out slipping or loss of power, which frequently occur when belt drive 
is used. In some instances it has been found possible to make good 
use of the so-called multi-speed alternating-current motor. This 
form of motor consists in certain different types of windings, permit- 
ting of a multiple method of pole grouping, such as, for instance, a 
speed of 1800, 1200, 900 or 720 r.p.m., according to the method of 
winding the motor. In some cases, this type of constant-speed motor, 
when used in conjunction with a gear box, will permit of somewhat 
finer gradations of speed than are possible with a constant-speed 
alternating-current motor and a standard gear box. 

150 While it is apparent that with the constant-speed motor all of 
the advantages of the adjustable-speed motor cannot be obtained, a 
tool equipped with either type has the advantage to be derived from 
the ability to obtain a graphic log of the time of operation of the tool. 
With either type, in combination with a graphic recording meter, a 
distinct gain can be made over a belt-driven tool from which such 
graphic curves cannot be conveniently obtained. 

151 In Appendix 4 are the segregated charges which must in 
some manner be taken into account in determining the cost of a 
machine-tool hour, including not only the workman’s time, but also the 
actual expense to a manufacturing establishment of having a tov! 
equipped and ready to be used when the workman requires the services 
of such tool. Table 18 of this appendix will show the range of the too!- 
hour rate, from which it is evident that it is far in excess of the labor 
rate for that tool; consequently, any time which can be saved in kee))- 
ing the tool in its maximum productive capacity will far outweigh any 


saving that can be made in the actual labor account. 
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It is in this 


one feature that the motor-driven tool m combination with the graphic 
recording meter is destined largely to decrease the cost of machining 
operations when the records available by this combination are care- 
fully studied and proper remedies applied. 


GENERAL CONCLUSIONS 


152 The economical operation of a machine shop requires a thor- 


ough analysis of all the operating costs, that is, overhead and operat- 
ing charges of all kinds; and an accurate knowledge of the operating 


conditions of all machine tools. 


Investigations of these conditions 


must be conducted by someone familiar with both the engineering 


and the shop features of the apparatus manufactured. 


The investi- 


gator should also be familiar with the characteristics of the various 
types of motors and methods of control, in order that the most 
advantageous electrical equipment as well as the best machine tool 
equipment may be installed, with suitable tools for different sets of 
conditions. 


result in increased productive capacity: 


ot 


153 Such investigations lead to the following improvements which 

a More flexible arrangement of tools. 

b Greater facilities for handling materials at the tools. 

c Greater facilities for handling materials between tools. 

d Better facilities for obtaining auxiliary material, drawings, 
tools, ete. 

e Better facilities for making adjustment of the tools during 
machinery operation. 

f Removal of causes of unsuspected or avoidable delays due 
to small accidents and improper characteristics of the 
drive. 

g All lost time due to whatever cause, which can be avoided, 
is immediately brought to the attention of the superin- 

7 tendent, and an analysis of these losses will result in 

\54 With motor-driven tools this analysis can be made much more 


their elimination. 
.veniently and with less expense than can similar studies with any 


‘cer form of machine-tool drive. 


°°) While in many shops there are elaborate systems of time keep- 

. With time clocks, ete., all of which are based on keeping an exact 

rd of the workman’s time and seeing that he works the maximum 
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or full shop time, yet the most important consideration in manufac- 
turing with machine tools is that the tools shall operate their full 
capacity, on account of their greater hourly value. 

156 In comment on this conclusion it may be said that our tests 
have not been confined to metal-working tools, ete. We have found 
similar conditions in the wood-working industries, to some extent in 
cement mills, steel mills, brass and copper rolling mills, to a less 
extent in the textile mills, where it is a supposition that every machine 
is running the maximum number of hours, and at its maximum load 
at all times; and in several minor industries, in which the informa- 
tion obtained is no less important, even though it may be different 
from that obtained with machine tools or metal-working tools, as 
ordinarily installed. 

157 Certain it is, that a careful analysis and study of conditions 
which are conveniently possible in motor-driven establishments will 
greatly reduce the cost of operation, and it seems reasonable to sup- 
pose that the data here presented may serve some useful purpose 
in arousing an interest in these conditions. 

158 We know that wherever the tests have been made, the 
conditions of operation have been very materially benefited, and 
feel without question of a doubt that many dollars have been saved 
on account of the knowledge available in the simple records taken 
from motor-driven machines. 

159 The writer wishes to acknowledge his indebtedness to Mr. 
A. G. Popcke, who made the tests and supplied some of the info 
mation contained in the paper, and without whose codperation tlic 
information submitted would not be available. ' 


LIS? OF APPENDICES 


_ 160 The four appendices which supplement the paper pertain to 
the following subjects: 

No. 1 The characteristics of various machine tools as shown by 
diagrams from recording meters. 

No. 2. Data on the power required to remove metal under the 
conditions set forth in the appendix, together with convenient charts 
for determining the various factors mentioned. 

No. 3 A summary of the average horsepower equipment for di - 
ferent types of tools and the approximate speeds of the motors, whic): 
are normally selected for this work. The figures given are for average 
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conditions only and are not applicable to the heaviest types of tools. — 
In some instances, also, the motors called for are larger than would — 
be used for the tools of several years ago. The object of the figures — - 
is simply to indicate approximately the sizes of motors usually 
specified. 
No. 4 Overhead charges and machine-hour rates. 
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APPENDIX NO. 1 POWER ANALYSIS OF MACHINI 
TOOLS 


161 The results which follow were obtained from graphic meter records 
from certain machine tools under the conditions specified. These examples 
are given to show the characteristics of the power and the time factors that 
enter into the performance of machine tools of different types. (In con 
nection with this Appendix see definitions of terms in Par. 34.) 


VERTICAL BORING MILLS 


162 In Fig. 11 is given a record from a 72-in. boring mill equipped with a 
220-volt adjustable-speed motor, 780 to 1560 r.p.m., 8.5 h.p. (assumed input 
at full load 8.5kw.), taken while the tops of bronze discs were turned off 
and bored out. The vertical lines at frequent intervals show where the 
motor was started and immediately stopped, in order to make adjustments 


TABLE 4 OPERATING CONDITIONS OF 72-IN. VERTICAL BORING MILL 


AVERAGE RUNNING 
Loap Avg. Kw. 
per Hr. 


% Full load " % Full load 


by moving the table of the boring millashort distance. The gradual decrease 
im power after 9 a.m., and also after 3 p.m., shows improper use of the con- 
troller. The tool was fed towards the center of the mill, thereby gradually 
decreasing the diameter of the work. The motor was evidently allowed to run 
at a constant speed, while the speed should have been gradually increased to 
compensate for decreased diameter of work, and thereby keep the cutting spec! 
constant. The controller was arranged to give the required speed adjustment, 
and failure to take advantage of this feature caused loss of time. In one 
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instance the records showed that 10 min. was consumed for an operation which 
could have been performed in 6 min., if the cutting speed had been kept constant, 
a saving of 40% in this operation. In another case, the time taken was 15 
min., and would have been 9.5 min. with a constant cutting speed, which would 
have resulted in a saving of 37%. 

163 While taking roughing and finishing cuts on this boring mill, from cast- 
ings of motor frames, brackets and end plates, the conditions were found to 
be as in Table 4, from which the following summary is obtained: 


¥: Average running load .................... 2.3 kw., or 27% of full load 
- Maximum load, sustained for several minutes . .8 kw., or 94% of full load 


~Maximum load peak .................. 8.75 kw., or 103% of full load 
1 kw., load factor 12% 


RADIAL DRILLS | 
164 Table 5 was made up from records taken upon a 10-ft. radial drill 


driven by an induction motor of 7$h.p., 720 r.p.m., obtained when cast-steel 
pole shoes were counterbored, as indicated in Fig. 10. 


Fie. 10 Pore SHor, DRILLED AND COUNTERBORED 


165 The record (not here printed) shows 7} min. per pole shoe, required 
to counterbore each of the six holes. The sum of these is about 44 min. The 
total time for adjusting the drill, given under column headed “Adjustment,” 
was from 15 to 24 min. for each pole shoe. The time consumed in removing 
and replacing the shoes in the clamps is tabulated under column headed 
“Change.” This ranged from 7} min. to 10 min. The time to complete 
counterboring each pole shoe varied from 70 to 75 min. The actual cutting or 
drilling time was from 57 to 64% of the total time to complete a pole shoe. 
From 10 to 14% of the time was consumed in changing the shoes, and from 22 
to 33% was consumed in adjusting the drill. -The average power consumed 
was 2.8 kw., making a load factor of about 37%. 
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TABLE 5 ANALYSIS OF A COUNTERBORING OPERATION 


NumBer or Total 
Time 
| 1 2 8 to Drill 


the 


7.5 


24.2 


Drill with no load, 1.75 kw. Power todrill, 1.75 kw. Average running load, 2.8 kw. 


TABLE 6 ANALYSIS OF DRILLINGAND TAPPING OPERATION 
Set up equals 56 min. 


J 
Requass, Tora. Requirep 
Hote No. 


1,4-in. drill....... 
1y¥5-in. drill 
1yy-in. tap 


Total min. 39.8 24.8 14. 79.! 
% of total 50 31.2 
Turn OVER = 26.2 min.; delay for drawing = 31.4 min.; other delay = 57 


15-in. drill 
15-in. drill 
1ys-in. tap 


Total min. 42.5 45.0 
% of total 42.5 45.0 


Turn OVER = 21.2 


drill 
1y,-in. drill 
tap 


Total min. 34.7 
% of total 53 


: 
. 
192 
hange Com- 
plete 
ons 
W M = 8.2 | 72.4 
of 62.8 25.2 12.0 100 
% of Total 64 22 100 
| 10 100 
| 
18 | 12 | a8 | a8 | | 2.4! 
OS | 241 4.8 | 42 | 6.6 (28.2) 6.0) 8.8 | 42.5 
) | 0.6 | 0.7 | 0.7 | 0.6 | 0.8 | 6.6 | % 
= 
[ 
a 
if > BO 6S | 68 | 46] 689 | 66 198.7] 
12.5 100 
} 12.5 100 
4 
12.2 65.6 


166 Table 6 is from a record made while an 8-pole revolving field was 
drilled and tapped for fitting pole shoes. To place the job in position 
required 56 min., owing to lack of prompt crane service. No lining-up was 
required; the work was simply set upon the bed plate of the radial drill. 

167 The total time consumed in adjusting the drill to proper position per 
pole was 5.6 min. The 1y%-in. holes were first drilled %-in. deep, requiring 
about 1.2 min. each, a total time for drilling the six holes of 7.4 min. The 
1;-in. drill was then removed and replaced by a 1-in. drill, the change re- 
guiring about8 min. To drill each 1;-in. hole 24 in. deep took about 44 min., 
or 28 min. for the six holes. Adjustments of the drill took 6 min., making a 
total time of 424 min. to complete drilling the six 1;-in. holes. The drill was 
then removed and a 1,4-in. tap substituted, this change requiring 6.6min. To 
tap each hole took from 0.6 to 0.9 min., making a total of 4.2 min. for the six 
holes. The time taken for adjustments was 13.2 min., making a total of 24 
min. for the tapping operation. The actual cutting time for tapping was 174% 
of the total time. The total cutting time per pole, including one tapping and 
two drilling operations, was 50% of the total completing time, 31.2% of the 
time being consumed in adjusting, and 18.8 % in changing drills for taps. 
About 20 to 30 min. was consumed in waiting for a crane to turn over the job 
in order to drill the next pole piece. The time required to complete the job can 
be analyzed as follows: 


DRILLING AND TAPPING 


56 min 
Turn over (crane service) .............cececcecuceceuees 240 min. 
Total 856 min., or 14 hr. 16 min. 


320 min., or 5 hr. 20 min. 


wae RECORDS FROM 5-FT. RADIAL DRILL 

168 The following results were obtained by taking records on a 5-ft. radial 
drill driven by a 7$-h.p. adjustable-speed motor, with rated speeds ranging from 
400 to 1600 r.p.m., while drilling a series of holesinalarge steel casting. Out 
of 113 hr., 4 hr. 42 min. was consumed in actual drilling, the other 6 hr. 48 min. 
being required to make adjustments. In this case, the time factor was 41%. 
The average running load while drilling was 1.5 kw., making an average daily 
load of 0.7 kw., or a load factor of 10%. 

169 While drilling a series of 22 holes, 67.5% of the time was consumed in 
actual drilling, the remaining 32.5% being consumed in moving the drill from 
one position to the next. In another case where holes were to be drilled and 
tapped, 74.5% of the time was consumed in actual drilling; while in tapping 
the holes, the machine was in use 44% of the time, the remainder being con- 
sumed in making adjustments. Records taken while a series of small jobs was 
drilled show that the time factor was as low as 20%, much time being lost in 
obtaining drawings and auxiliary materials. mmka 
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ELECTRIC MOTOR APPLICATIONS 


PORTABLE MILLING MACHINE 


170 On a portable milling machine driven by an induction motor of 3 h.p., 
720 r.p.m., while milling slots and dovetails in an iron casting, the average 
running load was 1.5 kw. to 2 kw., giving a load factor of from 50 to 67%. The 
time factor was 54%. 24% of the total time was required to make adjustments 
of the cutting tool; the remaining 22% was required to set up the job, that is, 
to place the portable machine in a central position upon a table inside the 
circular casting where the machine could be completely revolved and clear 
the inside of the frame. 


PORTABLE SLOTTER 


171 Ona portable slotter driven by a 10-h.p., 720-r.p.m. motor while cut- 
ting slots in a cast-iron frame, the arm carrying the cutting tool is moved up 
and down by reduction gearing and arack. The cut is taken on the up-stroke. 
The record (not printed) shows that the peak load occurs just before the cut 
is taken, i.e., when the arm is reversed for the upward motion; the minimum 
load occurs on the downward stroke. The record also shows a variation 
in the amount of power required to produce the cut. This variation is 
due to irregularities in the feeding mechanism on the machine tested, a ratchet 
of which had become worn. The time factor was 50% and the load factor 12°). 


COMPARISON OF MILLING AND SLOTTING 


172 From the results obtained an interesting comparison can be drawn 
between the time required to cut slots with a miller and with a slotter, as shown 
in the following table: 


Size of Slots Cutting Time Minutes to Cut 
Inches Minutes 1 In. 


74x 12} 11.8 0.95 
74x $x 152 8.4 0.53 


173. The results show that the actual cutting time per inch of the slotter is 
but 56% of the time of the miller; both were removing exactly the same amount 
of material. The curves also show that the intervals required for adjustment 
of the positions of the tools from one slot to another averaged 6.1 min. on thie 
miller and 3.1 min. on the slotter, an advantage of 50% again in favor of the 
slotter. The time to set up the work must be included in order to determine 
the relative advantage of one machine over the other. The setting-up time 
was found to depend more upon the work than upon the tool, and neither too! 
had an advantage. Two hours was required to set up the job on each tov!. 
The results may then be summarized by comparing the operations of the ma- 
chines in cutting two similar jobs of 12 slots 10 in. long: 


wave 
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Setting Up Time | Adjustments Cutting Slots Total 


2 hr. 1 hr. 12 min. 1 hr. 44 min. 4 hr. 56 min. 
OO cosa ntaneses 2 hr. 0 hr. 36 min. 1 hr. 4 min. 3 hr. 40 min. 


| 


174 This shows that the total time required by the slotter was but 74% 
of that required by the miller; a saving of 1 hr. 16 min. on every such job. 


raat POWER REQUIRED TO OPERATE PLANERS 


175 Table 7 contains asummary of results to determine the power required 
to operate various motor-driven planers. The average time factor in ordinary 
planing operations is about 50 to 60%. 


TABLE 7 ANALYSIS OF POWER REQUIRED TO OPERATE PLANERS 


| 


REVERSAL Curtinc RevERSE 
HP STROKE STROKE RUNNING Load Fac- J 
Pl a b No tor at 
ie Kw. Full Kw. Full Kw. Full Kw. Full Kw. Full Factor 
ab. Load Load Load Load Load 
56 in. x 12 ft 15 85 56 65 43 2.5-5 17-34 3 ye | 45 30 15 7 
7 ft. x 12 ft 15 6 40 3 20 1-2 7-14 0.75 5 6 25 _ 
4ft.x20ft. 30 a4 113) 330 110 =6-19 20-34 8 27 5.5 35 17 


10 ft.x 20 ft. 50 22 45 16 30 12-16 25-32 7 14 4.5 6 30 15 7 - 
14 ft.x30 ft. 40 40 115 24 60 10-16 25-40 10 2 15 36 18 
Reversal a, from cutting to return stroke. 
Reversal b, from return to cutting stroke. ; 7 
~ 7 


CURVES FROM MACHINES IN A STEEL TUBE MILL 

176 Fig. 12 showsa curve taken from a motor operating welding rolls while 
lap welding 5-in. tubes. The rolls were driven by a 150-h.p. induction motor. 
'o reduce the peak load thrown on the motor, the rolls were equipped with a 
5-ft. diameter, 5000-lb. flywheel. This record is interesting, in that it shows 
that a friction load of 12 kw. was required about 91% of the time, under which 
-ondition of operation the motor, on account of its light load, was operating 
at a power factor of about 30%, which is an undesirable condition for the power 
plant. ; 

177 The duration of peak load isin each instance about eight seconds, which 
amounts to only about 9% of the total cycle of operation. During this period 
the input to the motor was from 128 to 160 kw. A study of the records shows 
that a smaller motor should be installed. The motor should be designed with 


« larger slip, or drop-in spent between no load and full load, so that with a some- 
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ELECTRIC MOTOR APPLICATIONS 


Fic. 12. Recorp FROM WELDING Rouus Equirrep with FLYWHEEL 


what larger flywheel, when the load is steadily thrown on the motor, it would 
slow down, allowing the flywheel to give forth energy and in this way moving 
out or lowering the peaks for instantaneous demand for current from the line 
With a smaller motor the power factor would be increased, the efficiency 
improved, and the load factor alsoimproved. At the time the tests were made 
a meter was used, having a paper speed of 24in. perhr. The record shows that 
tubes were rolled at the rate of 40 per hour. 


-- 


Recorp FROM HoT-ROLL ScCARFER 


Fic. 14 Recorp FROM SHEAR SCARFER 


178 The curve represented by Fig. 13 was taken from a 75-h.p. motor, oper- 
ating a hot-roll scarfer, scarfing sheets for 12-in. lap-welded tubes. I[t shows 
that the friction load of 18 kw. is practically constant for about 90% of the 
time, and that the maximum or peak load of about 34 kw. occurred for about 
1% of the total time. At the time these records were taken the meter was 
operating at a speed of 24 in. per hr., and the rolls turning out 10 and 15 tubes 
per hour. The difference in peak load is due to the fact that an increase in 
width of the metal causes a slight increase in power. Undoubtedly a 50-h.p. 
motor would have been satisfactory for this work with much more economy 
than the installed motor. 

179 The curve represented by Fig. 14 is a record showing the operating con- 


ditions of a 50-h.p. induction motor driving a shear scarfer. On this curve 
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Fig. 15 Recorp From Pipe CutrrinG-orr MAcHINE 
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the friction load was shown at about 2.3 kw., of a duration of 55% of the time. 
The peak loads require from 10 to 13 kw. for the balance, or 45% of the time. 
As the duration of the peak is only about 34 seconds, a smaller motor of about 
25 h.p. would be of sufficient capacity to do the work. In this instance, as in 
the others, a meter having a 24-in. movement of the record was used. a 


PIPE CUTTING-OFF MACHINE 


180 The record shown in Fig. 15 was taken from a 5-h.p. motor operating a 
pipe cutting-off machine, cutting 18-in. tubes at an average cutting speed of 
about 38 ft. per min. It will be noted that about 16 kw. were required for 
starting, while the average load during cutting was about6kw. The motor was 
reversed for the reaming operation, and the peak was very large, going off 
the scale. Tostart the machine the motor was again reversed, such manipu- 
lation causing very severe overloads on the motor and the gearing to the 
machine. For a reversing operation of this nature an induction motor having 
a large slip would be desirable, or a slip-ring type of motor, thus reducing the 
demand upon the line. A direct-current motor, if used, should be supplied 
with very heavy compound winding. = 
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APPENDIX NO. 2) POWER REQUIRED TO REMOVE 
METAL 


181 The power required to remove metal depends upon the nature of the 
cutting tool and the amount of metal removed per minute. Cutting tools 
may be divided into three general classes: (a) lathe tool type; (}) drills; (c) 


milling cutters. 
LATHE TOOL TYPE 


182 The lathe tool is used on lathes, boring mills, planers, shapers and 
slotters. Tests show that the power required by a tool of this kind when 
removing metal depends upon the cutting angle of the tool and the num- 
ber of cubic inches of metal removed per minute. From observation and dat: 


Hlorsepower 


16 
? Cubic Inches of Metal removed per Minute 


lia. 16 RELATION BETWEEN HORSEPOWER AND Cusic INcHES Mpral 
Removep; Mitp Sreet, 0.40% Carson 


obtained by means of the graphic recording meter, and the use of tools having 
a cutting angle of about 75 deg. to 80 deg. the curve shown in Fig. 16 was 
obtained. The results were independent of the cutting speed, feed and depth 
of cut, and show that a definite relation exists between the horsepower required 
to remove metal and the number of cubic inches removed per minute. The 
cubie inches of metal removed per minute were found to be as follows: 

Area of cut(sq. in.) X cutting speed (ft. per min.) X 12, where 
area of cut(sq. in.) = depth of cut(in.) X feed (in. per revolution) ; 
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PLANERS, SHAPERS, SLOTTERS AND BORING 
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ELECTRIC MOTOR APPLICATIONS i> 


183 The horsepower required to remove metal with the tools ordinarily em- 
ployed can be expressed by: a 


h. p. = aconstant X cu. in. removed per min. 


The constant varies with the kind of metal removed. 

184 In order to estimate the amount of power required to remove a given 
amount of metal per minute the graphic method shown in Fig 17 has been de- 
signed. This diagram is a multiplication table; those familiar with analyti- 
cal geometry will recognize the equilateral hyperbola whose equation, referred 
to its asymptotes, is ry = constant. 

185 To determine the cutting speed the usual procedure is as follows: 


: zx diameter X r.p.m. 
cutting speed (ft. per min.) = . 7 


= constant X diameter X r.p.m. 


In the diagram each hyperbola corresponds toa given cutting speed. ‘The co- 
ordinates of all diameters and spindle speeds producing the same speed inter- 
sect on the same hyperbola. The cutting speed corresponding to any diameter, 
rotation at any number of r.p.m., is found indicated on the hyperbola passing 
through the intersection of the coérdinates corresponding to the given values 
of diameter and r.p.m. 

186 Inasimiliar manner an area corresponding to any depth of cut in inches 
and feed in inches is obtained, and also the cubie inches of metal removed per 
minute can be determined from the area of cut and the cutting speed. The di- 
rections for using the diagram are given in connection with it. 

IST With the cutting tools ordinarily employed the following values have 
_ been found by tests to exist for the horsepower required to remove 1 cu. in 
of the following metals, per min. : 


Brass and similar alloys 

Cast iron 

Wrought iron 

Mild steel (0.30%-0.40% carbon) 
Hard steel (0.50% carbon) 

Very hard tire steel 


ISS It must be remembered that these constants represent general average 
conditions; considerable variation may occur where special cutting tools are 
used and special grades of metal are encountered. 


LATHES 


i890 The following examples will explain the application of the diagram, lig 
17, to lathe work. 


Example: Diameter of work =55in, 
Spindle speed 45 r.p.m. 

Depth of cut 0.45 in. 

eed per revolution 0.06 in. 


190 Vind the intersection of the horizontal line through 5.5 in. diameter o' 
work, aud the vertical line through 45 r.p.m, spindle speed. ‘The curves pas- 
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sing nearest this intersection correspond to a cutting speed of 63 and 68 ft.per 
min., indicating by interpolation a cutting speed in this case of 65 ft. per min. 
The area of cut, with depth of cut 0.45 in. and feed 0.06 in. is0.027 sqin. The 
cubic inches of metal removed per minute, corresponding to an area of cut 0.027 
sq. in. and a cutting speed of 65 ft. per min., is determined by finding the 
intersection of the horizontal line passing through 0.027 sq. in. area of cut and 
65 ft. per min. This intersection is between the curves corresponding to 19.2 
and 21.6 cu. in., showing that about 20 cu. in. of metal are removed per min. 
If the metal removed is wrought iron, the horsepower required is 0.6 * 20 = 12 
h.p. If 0.50% carbon steel is turned, 1.00 X 20 = 20h.p., is required. Brass 
would require 0.25 X 20 = 5h.p. 


BORING MILL 
Example: Diameter of work =45 in. 


Speed of table = 4.5 r.p.m. 
Depth of cut = 0.25 in. 
Feed = 0.10 in. per revolution 


101 ‘The diameter of work goes only to 10 in. in the vertical column of the dia’ 
gram. ‘These may be multiplied by 10, and if used with the spindle speeds as 
they stand, the results in the oblique column of cutting speeds must be mul- 
tiplied by 10. In case of large diameters the spindle or table speeds are usually 
low. The simplest way to use the diagram in these cases is to interchange di- 
ameter of work and spindle speed, i.e., assume that the diameter of the work 
is 10, 20, 30, etc., in the horizontal column, and the table speed under 1, 2, 3, 
etc., in the vertical column. In the problem under consideration the cutting 
speed is as follows: 

192 The intersection of the horizontal line through 4.5 and the vertical line 
through 45 corresponds to a cutting speed of 52 ft. per min. ‘The area of cutis 
0.025 sq. in. The intersection of the horizontal line through 0.025 sq. in. area 
of cut, and the vertical line through 52 ft. per min. cutting speed lies between 
curves representing 14.4 and 16.8 cu. in., indicating that 15 cu. in. are removed 
per min. If cast iron of a soft quality is removed the power required for cut- 
ting will be 15 X 0.38 =4.5h.p. Ifthe cast iron is of hard quality, 0.5 X 15 = 7.5 


h.p., will be required. 
q 
SHAPER OR PLANER = 


a Example: Depth of cut = 0.75 in. 
Feed per stroke = yy in. 
Cutting speed = 45 ft. per min. (from character- 
istic of planer or shaper) 
Area of cut = 0.75 X ?#¢= 0.046 sq. in. 


193 ‘The cubic inches of metal removed per minute, corresponding to an area 
of cut of 0.046 sq. in., and a cutting speed of 45 ft. per min., is 24. The power 
required for cutting in the machine a hard grade of cast iron will under these 
conditions be 24 X 0.5 =12 h.p. 

104, In a planer the power required for reversing is usually considerably more 
tuan that required to cut metal, depending upon the design of the reversing 
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mechanism, the flywheel effect and the speed characteristic of the motor. In 
a shaper the power required to reverse is not very great, and is usually less, 
than the power required for cutting. 7 ; 


SLOTTER 


195 In most cases the cutting tool is fed inwardly on this type of machine; 
the following example shows how the diagram is used to determine the rate of 
removing metal. With other methods of feeding the tool the diagram is used 
in the same way as in the case of a planer or a shaper. 


Example: Width of tool and cut = 
Feed per stroke 
Cutting speed = 35 ft. per min. 7 
a Area of cut 0.50.06 = 0.03 sq. in. 
196 The cubic inches of metal removed per minute, from the intersection of 
the horizontal and vertical line through 0.03 sq. in. and 35 ft. per min., is 18. 
In the case of mild steel the horsepower required would be 13X0.6 = 7.8 h.p. 


DRILLS 


197 The power required in drilling operations can also be expressed as a con- 
stant times the cubic inches of metal removed per minute. The conditions are, 
however, more complicated than in the lathe tool, since the friction of the drill! 
and the chips on the sides of the hole increase the power requirement as the 
drill enters the metal. This is especially true when cast iron is drilled, as chips 
have a jamming action. The variable cutting speed at the cutting edge of the 
drill, from zero at the center to the peripheral speed of the drill, also causes a 
jamming action and tends to increase the power per cubic inch per minute over 
that required to remove the same amount of metal by means of the lathe tool 
type. With drills generally employed, the value per horse power per cubic 
inch of metal removed per minute is about double that required by ordinary 
lathe tools. 

198 Fig. 18 is a diagram with full instructions for determining the cubic 
inches of metal removed with drills. The constants for determining the power 
required are about double those for lathe tools. 


Example: Size of drill = 2in. diameter , 
= Feed per minute= 2.5 in. 
7 Speed of drill =150r.p.m. 


Metal drilled: cast iron. 


199 The peripheral or maximum cutting speed of the drill is found as follows 
(Rule a, Fig. 18): The horizontal line corresponding to a diameter of 2 in. 
intersects the vertical line corresponding to 150r.p.m. on the curve correspond- 
ing to a cutting speed of 77.5ft. per min. The area of the 2 in. drill (rule c) is 
3sq.in. This area at afeed of:2.5in. per min. corresponds to removing 7 cu 
in. per min. (rule d). Vor cast iron the horsepower per cu. in. per min. is abou‘ 
0.8, twice that for lathe tools, hence the power required to drive the drill in 
this case is 0.8 X7 = 5.6 h.p., which agrees closely with an actual test. For 
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mild steel the power required is 1.2 X 7 =8.4h.p. In drilling a hole of this size 
the friction of the chips does not increase the power materially as the depth of 
the hole increases, since there is sufficient space for the drill to free itself of 


chips. 
MILLING CUTTERS 


200 Fig. 19 isa diagram with full instructions for determining the amount of 
metal removed per minute by a milling machine. 


Example: Width of cut = 8 in. 
Depth of cut = 0.2 in. 
Advance of table per min. = 5in. 

= Area of cut is 8 X 0.2 = 0.16 sq. in. 


201 To find the cubic inches of metal removed per minute, find on the diagram 
the intersection of the horizontal line through 0.16 sq. in.. and a vertical line 
corresponding to a table advance of 5 in. per min. The curve passing through 
this intersection corresponds to a rate of cutting of 16 cu. in. of metal per min. 
For machinery steel or mild steel, the power required by a horizontal milling 
machine of this type is about 1.6 per cu. in. per min., making the total require- 
ment 1.6 X 16 = 25.6h.p. A vertical miller requires about 1 h.p. per cu. in. 
per min., or 16 h.p. under the foregoing conditions. 

202 The power required by milling cutters varies according to their construc- 
tion, and care should be employed to determine the proper constant for each 
class of cutters. By means of tests made with the graphic meter on motor- 
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driven tools the proper constant can easily be determined in any given case 
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APPENDIX NOLS SIZES OF MOTORS RECOMMENDED TO 


DRIVE MACHINE TOOLS 


203 Tables 8-17 herewith contain the sizes and speeds of motors usually 
employed with the average duty indicated for machine tools. The constant - 
speed motors are selected with a view to utilizing speeds as near as possible 
to those obtainable with 60-cycle induction motors. By this means the same 
gear ratios can be employed with either direct current motors or 60 cycle 
induction motors. 

204 The average load factor for motors driving lathesis from 10 to 25 %. On 
some special machines, as driving wheel and car wheel lathes, the cuts are al! 
heavy, which increases the average load factor to from 30 to 40%. 

205 For extension boring mills, 5 h.p. motors are used to move the housings 
on from 10 ft. to 16 ft. mills, 74 h.p. for from 14 ft. to 20 ft. mills and 10 h.p. for 
from 16 ft. to 24 ft. mills. The load factor of the driving motor on boring mills 
averages fom 10 to 25 %. 

206 The load factor of motor-driven drills is about 40%, when the large: 
drills applicable thereto are used. If the smaller drills are used the load factor 
averages 25% and lower. 

207 For the average milling operations the load factor averages from 10 to 
25 %. On slab milling machines where large quantities of metal are removed 
it will average from 30 to 40%. 

208 The work on this class of machinery is usually light and much time is re- 
quired in making adjustments. Hence the load factor is rarely higher than 20",. 

209 On planers the load factor averages between 15 and 20%. The motor 
must be large enough to reverse the bed quickly, yet this peak load occurs for 
such short intervals that it does not increase the average load per cycle very 
much. 

210 The work done on shapers is of a varying character. With light work 
the load factor will not exceed from 15 to 20%; with heavy work, the load factor 
will be as high as 40%. 

The conditions encountered on slotters are similar to those on shapers. 
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_ TABLE 8 SIZES AND SPEEDS OF MOTORS ON LATHES 


ENnGine LaTues 


Licut Durty Mepium Duty Heavy Doty 
swing 
In. Adjst. Adjst Adjst. Const 
h.p. Speed h.p. Speed h.p Speed 
Speed Speed Speed 
r.p.m. r.p.m r.p.m. 


3 Ratio 1800 

5 1:3 1200 

5 1200 7 
7:5 1200 10 
10 1200 15 
10 12 20 


h.p. 
Car wheel 48 in, «20 
Double axle, moderate duty 15 
Heavy duty 25 


Size,in. - h.p. Adjustable Speed 


——— 


| Ratio 1:3 
| 1200r.p.m. 


{ 5 tall stock 


SSRRSS 


= | 
> A 
= 
i4 2 Ratio 1800 atio 1200 - - 
16 3 2:3 1800 73 1200 = 
18-20 3 1800 1200 s 
22-24 1200 1200 
a 
Adjustable Speed he 
1:3 
1:3 
——_ 
100 
~ 


yA ELECTRIC, MOTOR APPLICATIONS 
TABLE 9 SIZES AND SPEEDS OF MOTORS 
VerricaL Borine MILts 


Size, In. .p. Adjustable Speed Const ant Speed 


24-30 in. Ratio 1:3 
36-42 in. 
60-90 In. 


10 -rail 


TABLE 10 SIZES AND SPEEDS OF MOTORS ON DRILLS a . 
Rapiat Dritis 


h.p. Adjustable speed Constant Speed = 


Ratiol :3 


Upricat Dritis 


Size, in. .p. Adjustable Speed 


- 


Friction Ratio 1:3 


MULTIPLE-SPINDLE DRILis 


Adjustable Speed Constant Speed 


Ratio 1:3 


if 
| 
4 
1200 
| 1200 
1200 
1200 
900 
4 
16 ft. q 900 
>. size, it 
| 
Constant Speed 
r.p.m. 
— 
1800 
ag 15 1800 
1800 
1800 
7 
Size, in. | 
4-2 74 | 1200 
6-2 10 1200 
, 
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- TABLE11 SIZES AND SPEEDS OF MOTORS ON MILLING MACHINES 
HorizONTAL—PLAIN OR UNIVERSAL 


‘Table Feed Cross Feed Vertical Feed h.p. Adjustable Constant Speed ; 


In. In. In. Mod. Heavy Speed r.p.m. 
—}-— 
24 8 18 3 Ratio 1 :3 1800 
10 18 5- 73 1200 
36 12 20 74-10 1200 
50 12 20 10-15 
4 “al Je Dian et 1 Spindle Diat eter ! Constant Speed 
in. in. r.p.m. 


28 4 5 Ratio 1:3 
32 4 74 
40 i 44 10 
5 15 
70 6 20 
Mitiinc Macaines 
d 
Width of Table, tn. bp. Adjustable Speed onstant Spee 
r.p.m. 
24-30 10 Ratio 1:3 1200 
36 4 15 1200 
| 25 
36 heavy 25 


42 heavy 50 


>” - TABLE 12 SIZES AND SPEEDS OF MOTORS 
Horizontal Borinc, Dritting AND MILLING MACHINES 


Spindle, in. h.p. Adjustable Speed a 


1800 


Ratio1l :3 
1200 
1200 


1200 
1200 


a 
= 

4 

34 3 

4 5 
74 

6 10 a 

3 

| 
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ELECTRIC MOTOR APPLICATIONS 


TABLE 13 SIZES AND SPEEDS OF MOTORS ON PLANERS 


Mepium Duty Heavy Dury 


Constant S peed i Constant Speed 
Size, in. h.p. 
r.p.m. r.p.m. 


24x 24 7} 900 
42 x 42 900 
56 x 56 25 900 
Frog and : 900 
Switch Forge 
12 x 10 ft. ; 720 
14x 12 ft. 10 (rail) 
75 
12 (rail) 


TABLE 14 SIZES AND SPEED OF MOTORS ON SHAPERS 


Constant Speed 


Adjustable Speed 
r. p.m 


Ratio i3 1800 
120000 


TABLE 15 SIZE AND SPEEDS OF MOTORS ON CRANK SLOTTERS 


Licut, Mepium Heavy 


Horsepower | 
: Const: Spee 
p 


Light Medium 


1200 


| 1200 


Ratio 1:3 1800 


1200 


GEARED SLOTTERS 


1:3 


21-4 
7, 
} 
= 
24x 24 5 900 
30x30 7} 900 
86x36 10 900 
x 48 15 900 
x 56 15 900 
= 
In. 
36 74 
= 
i 
Size 
In. 
: 
— 10 3 5 
10-16 5 74 
: 20 74 10 
24-60 20 = 900 
= 
, i = 
“A. 
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PABLE 16 SIZES AND SPEEDS OF MOTORS ON COLD SAWS 


‘ Constant 

h. p. Speed 
In In. Speed 
r. p.m. 


TABLE 17 SIZES AND SPEEDS OF MOTORS ON GRINDERS 


h. p. 
Constant Speed 
r. p.m 
Medium Heavy 


10x } 


10x120 
lix 72 
ISx120 


ISxt44 
ISx168 
ISx 06 


44-in. car wheel grinder 


4a 
15 de 2 1800 
+ 
4 
Size a 
5 74 1200 
2 
0 1200 
10 15 1200 — 
30 
| 
1 
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APPENDIX NO. 4 OVERHEAD CHARGES AND 


MACHINE-HOUR RATES 


212 The following analysis outlines a method of determining the hourly over 
head charges per machine tool, which will be called the machine-hour rat: 
Overhead charges can be grouped in three main classes: 

A Charges against the entire factory. 
a Fixed charges: these include interest and depreciation, taxes 

and insurance on buildings, grounds and accessories. 


TABLE 18 MACHINE HOUR RATES 


CHARGES PER Hour 
& 


Type of Machine 


Hr. Rate 


Fixed Variable Salaries Interest 


Depreciation 
Total or Mch 


Vertical Boring Mills. 


A verage per cent of total... . 


Radial drills, 5 ft $0.03 $0.01 
Radial drills, 10 ft 0.09 i 0.01 


Average per cent of total 


Engine Lathes: 


b Variable charges: these include repairs and renewals on building- 
and accessories, omitting all charges which can be set off direct |y 
toa particular section of the factory; charges against the store 
room and the tool room; defective design, material or workman- 
_ ship; printing and stationery; lubricants and general manul««- 
turing supplies. 


i 
| 
a 
{ z 
i] 
$0.02 $0.25 $0.15 $0.05 $0.05 $001 $0.53 
72 in.-100 in 0 45 0.25 0.08 0.08 0.01 091 
7 10 ft.-14 ft. a 0.05 0.80 0.40 0.15 0.15 0.02 1.57 
16 ft.-24 ft. Ext........ 0.08 2 00 1.00 0 30 0.30 0 03 3.71 

52% 28% 8% 8% 1% 100% 

| 
1.18 
| ee 3% 51% 31% 7% 7% 1% 100°, 
| — 

00.08 $0.25 $0.12 $0.04 $0.04 $0.01 $0.48 
0.03 0.50 0.2 010 0.10 001 0.99 
: ; Average per cent of total ... 3% 51% 25% 10% 10% 1% 100°; 

Planers: 
361n.-56in............... $0.04 $0.55 $0.30 $0.05 $0.05 $0.01 $1.00 
7 1.10 0.60 0.15 0.15 0.02 2.08 
0.15 2.60 1.40 0.25 0.25 0.03 4.68 
' / 4 Average per cent of total ... 3% 55% 30% 5.5% 5.5% 1% 100°; 
T 
re 
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{ 
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c Salaries (not chargeable to a definite section): these include cost 
of superintendence (manager, superintendent, foreman); engi- 
ss neering and drawing; clerical force, including office boys and | 
general laborers. 
2B Charges against each section of the factory. 7 
a Fixed charges; including an equitable portion of the total fac- 
tory fixed charge and interest, and depreciation on auxiliary — 
apparatus located in the section (except machine tools). : 
») Variable charges: these include a portion of the variable charges | 
ss as: well as similar charges belonging to the section, such as re-— 
pairs and renewals, storeroom and tool room charges, defective 
design, material and workmanship, lubricants and manufac- 
uring supples. 
c Salaries: including a portion of the total salaries as well as those — 
- belonging exclusively to the section, that is, foremen, clerks, - 
errand boys, laborers. cranemen, etc. 


bod 
90 | | 
jv | Sa 
2 


Years Installed 


20) Depreciation at 10% Repucina Balance 


Charges against each machine tool. > = - 
a Portion of fixed charge. Lye * 
b Portion of variable charge. - 
c Portion of salaries charge. : 

d Interest on cost of tool, fairly taken at 6%. a a. oo 
e Depreciation of value of tool (see Par. 213-215). 

f Cost of power to operate tool, including also lighting and crane 
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ELECTRIC MOTOR APPLICATIONS 


ss DEPRECIATION OF VALUE OF MACHINE TOOLS 


213 A method frequently used in calculating the depreciation in value of a 
machine tool is to allow 10% of a reducing balance; that is, 10% of the first cost 
if charged off the first year, 10% of the remaining cost, the second year, 
and 10% of the second remainder the third year, etc. This method is based 
upon the fact that the apparatus actually decreases in value year by year. 
Allowance for depreciation in any given year can be made easily by the 
aid of the curve in Fig. 20. This curve gives the percentage of the first cost 
corresponding each year to 10% on the reduced balance. For example, the 
curve shows that the depreciation on a tool that has been in service five 
years will be 6. 6% of the original cost. If this cost was $4500, the allowance for 
depreciation during the sixth year according tothe 10% reducing balance method 
is $4500 x 0.066 = $297. Since this is 10% of the reduced cost, the value of 
the tool at the end of the fifth year is $2970. 

214 Tools designed for special work will be discontinued after a compara- 
tively limited period, and therefore, depreciate in value much more rapidly 
than is indicated by the foregoing method: a special allowance frequently made 
for such tools is generally known as utility depreciation. 

215 Table 18 contains a summary of machine hour rates obtained by this 
method. It is assumed that machines have been installed six years, so that 
the depreciation is 6% on a basis of 10% reducing balance. 
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MECHANICAL FEATURES OF ELECTRIC DRIV- | 
ING IN MACHINE SHOPS 


{ By Scnenecrapy, N. Y. 
te Member of the Society 


216 Itis with the mechanical features of motor driving that this 
paper is to deal, and chiefly with what has been done in the electrical. 
equipment of the most commonly used machine tools in the plant. 
of the General Electric Company, at Schenectady, with a few 
sketches of some large work that has been erected outside. 

217 Some ten or twelve years ago it was decided to erect a y nn 
and up-to-date electrically driven machine shop, and plans for the ’ 
electrical equipment were started some time ahead of the completion 
of the building. At first the plan was to have every machine tool | 
individually driven, but the time was so short that we abandoned 
this idea and concluded to arrange the machines in groups, each 
driven by a motor direct-coupled to the end of a section of lineshaft. 
This arrangement was used only to take care of small and medium- 
sized machines, of which few, if any, were at that time equipped with 
individual motors. 

218 Considerable difficulty was experienced in arranging the line- 
shafts and countershafts in this system, owing to their being traversed 
by small side-bay electric cranes. Fig. 21 gives a general idea of this 
method of group-driving. However crude it may appear in the light 
of present practice, it was considered in its time thoroughly up-to-date. 

219 One of the mechanical difficulties encountered in attaching 
individual motors to small machines was the unwieldy size of some of 
the earlier motors of small capacity. Sometimes the motor would be 
as large as the machine, or larger, and this feature was largely respon- 
sible for the prevalence of group-driving of small machines, even where 
the individual drive would have been preferred. Recent improvement 
in motor design has led to a great reduction in the size of motors for a 

iven capacity, so that the 25-h.p. motor of today is not nearly so 
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MECHANICAL FEATURES OF ELECTRIC DRIVING 


Mertnop or Group-DrivinG 


large as the 10-h.p. motor of earlier years. It is therefore much easier 


now to make the motor an integral part of the machine; and even where 


only fractional parts of a horsepower are required, for light operations, 


i 
| 
| | 
~ 
| 
| 22) Larue Driven By Inpuction Movor ConceALED IN CABINET 


suitable motors of very small weight and well adapted in size to the 

smallest tools are now available. - 
4 
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SMALL MACHINE TOOLS 
o> 


220 Figs. 22, 23 and 24 show good examp 


les of individual motor | 
drives in which the motors are inconspicuous and form integral parts 
of the machine tools. Fig. 22 shows a lathe driven by an induction 
motor concealed in the cabinet leg. Fig. 23 illustrates a wood-boring 
machine driven by an induction motor through a single pair of bevel | 
gears. The inverted motor is bolted to a plate, which is in turn bolted 


23 Woopv-Bortnc MAcHINE Fig. 24 24-1n. RELIANCE Swina 
Driven BY INDUCTION Motor Saw with Moror 
THROUGH SINGLE Parr or 

GEARS 


to the bottom of a post and totheframe of the tool. At first the plate 
Was arranged to swivel on the tool post, in order to provide means for 
moving the tool longitudinally over the work; but later this adjust- — 
ment was abandoned, as it proved to be easier to move the work hori-_ 
zonially with reference to the tool. This tool isa good example of the — 
conipactness of the electric motor, and its easy adaptability to wood- 
Working machinery. Fig. 24 shows the application of a direct-current | 
motor to a 24-in. swing saw. 
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MECHANICAL FEATURES OF ELECTRIC DRIVING -_ 


221 The large lathes, vertical boring mills, planers, milling machines 
etc., were supplied each with its own individual motor, which was « 
marked improvement over the original belt-and-countershaft method: 
of driving. Since starting this work, the company has changed ove: 
several thousand machine tools to motor drives. Most of the difli- 
culties in changing from belt to motor driving were in making suitah|: 


. 25 42-1In. BemENT-MiLes DRIVEN BY CONSTANT-SPEED 


3 connections between the motor and the tool to be driven. We do 101 


= 
= 
a 
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od ‘ | 
7 many cases the machine tool is not of sufficient value to warran' ab 
expensive mechanical connection. 


JOHN RIDDELL 

222 Take, for example, a medium-sized lathe of relatively moder 
ate value. Ifan expensive transmission device was required in order 
to apply a motor to the lathe, the total cost of the lathe, as changed, 
might easily be more than the price of a new lathe especially designed 
for motor driving. In such cases it is found expedient to erect the 
countershaft and cone about four feet above the headstock, on suitable 
brackets, fasten the motor in a convenient place on the machine, and 
continue the use of cones and belts. Such an arrangement is shown in 
Fig. 25. 

223 In all cases where old machine tools are converted to electric 
driving, it is desirable to mount the motor on some part of the machine 


if possible, rather than on the floor near the machine. In the former 
case, the machine tool constitutes an independent self-contained unit 
which can be moved by the crane as a whole and located wherever 
desired. Cleanliness is promoted, by leaving a clear floor space to 
swecp, and the motor is less liable to accumulations of dirt caused by 
swevping. There is also a tendency for the motor and the machine 
too! to become shifted out of alignment, if they are separately mounted 
on the floor. 
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224 For lathes of more importance, and where the value of the tool 
warrants, we make an all-gear drive, with reversing gears, which are 
used principally for screw cutting. Fig. 26 shows a lathe equipped with 
reversing gears. More recently we have produced motors which can 


he very quickly reversed, obviating the necessity of reversing-gears. 

225 When the original change was made from belt to motor drive 
there was one particular triple-geared lathe, 72-in. swing, to which we 
applied a two-to-one variable-speed motor. The only change neces- 
sary in this case was to substitute two gears for the lathe cone, mount- 
ed on a quill, and made to engage with a pair of rocking gears on the 
motor. This gave a speed variation of four to one at the motor, and 
with the triple gears of the lathe, we had an exceedingly fine speed 
range. This lathe is shown in the foreground of Fig. 27. The motor is 
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Kia, 28 DIaGRaM or Device To OBVIATE CHATTER MARKS ON FINISHED WorK 


\ 


placed in a most advantageous position, in the headstock under- 
neath the spindle. During about ten years’ service it has never on Lae 
removed, 

226 Ina shafting department like that of the General Electric Com- 
pany, where the range of size does not vary over three or fourinches on 
the standard work, no very great speed changes are necessary, and a 
two-to-one motor usually has range enough to meet all requirements. 
What is particularly needed is ample power, strength of parts, and sim- 
plicity of construction, especially in lathes used for roughing, which are 
usually handled by unskilled labor. 

227 For finishing shafts, however, where greater accuracy is re- 
quired, an all-gear drive with steel gears is not satisfactory, because the 
chattering set up by the action of the gear teeth is very apt to be trans- 
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mitted to the finished work, leaving parallel ridges. This difficulty 
was Overcome in some special lathes which we had built for the pur- 
pose, in which the driving gear on the main spindle was left loose and 
acted on the driving plate, keyed to the spindle, through four rubber 
buffers. This device is shown in Fig. 28. 

228 More recently, trouble from this same cause was experienced 
in ove of our tool departments, and was corrected by the use of a pin- 
ion made of muslin. This pinion has several features which especially 
adapt it to motor-driven machine tools. It is practically noiseless an«| 
very durable, does not shrink, and is sufficiently flexible and elastic to 
absorb vibrations which might be transmitted to the finished work. 

229 Another application to motor driving in connection with lathes, 
and one that has been much appreciated, is the use of an auxiliary 
motor to operate lathe carriages having a long travel, about 35 ft. 
The motor is bolted to one side of the carriage, and carries a pinion 
which meshes with the hand-wheel gear. A two-way switch is pro- 
vided for operating the motor in either direction. The use of a motor 
not only saves the operator a difficult task, but it has also proved a 
great economy of time. It formerly required 30 to 35 minutes to shift 
the carriage through its full travel, and the hand wheels were placed 
so low that a man had to stoop to use them. The motor will move 
the carriage from one end of the lathe to the other in a minute and a 
half, and it can be stopped at any point within 1/16 in. of the cut. 

230 The best location for a motor on a lathe, and on most machine 
tools, is as low down on the machine as possible. The amplitude of 
the vibrations set up will be smaller, the closer the motor is to the 
floor, and the liability of chattering will therefore be reduced. The 
location of the motor in the cabinet leg or in the headstock of a lathe, 
as shown in Fig. 22 and Fig. 27, is ideal, but there are, of course, 
many cases where the motor must be mounted over the headstock 
because no other place is available. The necessity of having the motor 
out of the way of the work is obvious, as turnings of chips, if allowed 
to get into the motor, would at once give rise to electrical troubles, 
especially in direct-current machines. 


231 The location and arrangement of controllers for lathes depend 
upon the class of work to be performed. Where the lathe is started, 
stopped, and varied in speed by the controller, the latter should be 
mounted on the front of the lathe, and the handle extended by means 
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of a shaft to the lathe carriage, where it will be constantly under the 
hand of the operator. Ease of control unquestionably results in the 
rapid and economical production of work. Where the work varies 
considerably in diameter, frequent changes of speed will be required, 
and where the most efficient cutting speed can be obtained simply by 
turning a conveniently located handle, the work will be turned out at a 
maximum speed. If frequent shifting of belts is required, a great — 


Fic. 29. Evo.uTion oF APPLICATION OF Motors TO PLANERS 


LINESHAFT DISCARDED, COUNTERSHAFT DRIVEN FROM MOTOR ON FLOOR 7s 


deal of the work will be done at less than maximum speed, owing © : 
to the extra exertion involved. 

232 For lathes with constant-speed motors, operated with clutches 
and shifting levers, or machines on which continuous automatic opera 
tions age carried on, such as screw machines, the motor can be kept 
running for long periods without attention from theoperator. Insuch | 
cases the controller may be mounted at any convenient place on the | 
machine, or near by on the floor, by means of a bracket. ey 
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MECHANICAL FEATURES OF ELECTRIC DRIVING 


PLANERS 


233 Figs. 29, 30 and 31 illustrate the evolution of the application 
of motors to driving planers at the Schenectady shops. The first step, 
as shown in Fig. 29, was simply to discard the lineshaft and drive the 
countershaft from a motor placed on the floor. When this planer 
was operated by belts it was next to impossible to reverse it in a 
shorter space than about thirty inches, and even then with a great dea! 
of wear and tear on the belts. Early in 1900 the company produced 
its first magnetic clutches for driving planers. The first of these 
clutches was applied to a Bement-Miles planer, 30 ft. wide by 20 ft. 
long. With this clutch, Fig. 30, we are able to reverse the planer prac- 


EVOLUTION OF APPLICATION OF Motors TO PLANERS 
MAGNETIC CLUTCH 


tically to a line, and to reduce the space required for reversing to about 
12 inches. Some trouble was experienced, however, with these first 
magnetic clutches, owing to the design of the magnets, and pneumatic 
clutches of a peculiar design were subsequently adopted and have been 
entirely satisfactory. Fig. 31 shows the arrangement of the motor and 
pneumatic clutch, as applied to the planer. P 

234 Our second lot of magnetic clutches was redesigned to eliminate 
the difficulties experienced with the first lot, and the new ones were 
applied to a number of portable slotters. These machines have been 
in continuous operation practically night and day up to the present 
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time. The clutches have operated with entire success, and I believe 
the magnetic clutch will eventually be found an important and effi- 
cient feature of transmission gears for planers and slotters. 


235. In our original scheme for attaching motors direct to boring 
mills, an all-gear drive, with variable-speed motors, was selected, and 
with very slight changes, has been employed up to the present time. 
Fig. 32 shows a number of boring mills equipped in this way ; the motors | 


Fic. 31 EvoiutTion or AprLicATION oF Motors TO PLANERS 


COMPRESSED-AIR CLUTCH, TWO CONES 


not being visible in the illustration because they are placed below the — 
floor level between the side frames back of the revolving table. . 
; solid foundation is laid, extending under the entire machine, a depres-— 
| sion in the back between the side frames forming a bed for the motor, 
which is securely fixed in position. This common foundation makes — 
the motor and the machine a single compact unit, and no additional 


229 
it = 
& q 
eG 


230 MECHANICAL FEATURES OF ELECTRIC DRIVING 


be, 


GraR I 


ALL- 


| be “oy. 
4 
3 


Borne WITH VARIABLE-SPEED Moror 


9 


3 


Fia. 


an 


| 
| | 
| 
va? 
iim - 
| 
4 


RIDDELL” 231 


floor space is required for the motor. No work put upon the table can 
interfere with the motor, the gears are entirely out of sight, and the con- 
troller is placed at the right-hand side of the machine, where the 
operator usually stands. 

236 On boring mills from 20 ft. to 25 ft. in diameter, with the 
usual slow intermediate and direct-gear drive that comes with the mill, 
a variable-speed motor of two-to-one ratio gives a very satisfactory 


speed range. 


bia. 33) AppLication OF Motor to Macuine Toous oN [RON FLOOR PLATE 


237 Various machine tools of the portable type are used in ordi- 


nary large machine shops, and are placed in various positions on iron 
floor plates. The efficiency of these machines, such as the rotary 
planers, slotters, ete., used in erecting departments, has been greatly 
increased by the use of electric motors. A group of these tools is 
shown in Fig. 33, working on a large casting. The use of portable 
tools was almost impossible before the advent of the electric motor, 
but now the machine tools used in erecting shops, and in isolated 
p.cces away from the source of power, when equipped with electric 
motors are ready to run at a moment’s notice. On up-to-date rotary 
plcners the motor is placed on the carriage, the under-side of the bases 
is planed, and means are provided for transferring the planers by elec- 
tric cranes. 


PORTABLE TOOLS . 
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238 Under the old arrangement, if machinery stood idle for days 
and weeks, the countershafts and loose pulleys were so neglected that 
they would squeak; some one would then throw off the belts to stop 
the noise, and two hours’ work was frequently necessary before they 
could be started for a hurried job. The same thing is true of some 
boiler makers’ and blacksmiths’ machines, such as rolls, shears, cut- 
ting-off machines, ete. 


239 ‘Twenty-five or thirty years ago, in the days of the old jobbinz 
shop, the buildings were not so high-studded, and the lineshafts and 
countershafts were usually within reach of a twelve-foot or fifteen- 
foot ladder at the most. Cone belts running to machine tools were 
very easily manipulated, and an expert lathe hand would never think 
of using a pole for shifting his belt from one step of the cone to another. 
But in these days of sanitary buildings, with ceilings from twenty to 
twenty-five feet high, it becomes an exceedingly difficult problem to 
arrange countershafts within reasonable heights; to say nothing of 
the necessary length of the vertical belts, the dust set in motion, and 
the difficulty of painting and whitewashing ceilings for the sake of 
cleanliness. 

240 Another condition of lineshaft driving which has not been 
much spoken of, of late, is the difficulty of keeping the shaft in align- 
ment, where the hangers are suspended from the roof trusses. The 
writer has seen such shafts five or six inches out of alignment, due to 
a heavy fall of snow on the roof, or to the settling of foundations. 
Another trouble is that due to state laws and shop rulings, where a few 
trained men are employed as belt-lacers and it is against the rules 
for men who are not belt-lacers to do the work. This is the cause 
of numerous delays, with consequent loss of production. 

241 The only advantages that may be claimed for belts is that 
they take up the vibration of the gears, and thus prevent chatter 
marks on fine work; and that they will slip under over-load and be 
thrown off the pulley, stalling the machine, instead of breaking the tool 
or spoiling the work. It has already been explained how the effect of 
vibration has been remedied by means of rubber buffers or muslin pin- 
ions, and there are exceedingly few cases where belt-slip is not a detri- 
ment rather than an advantage. The use of high-speed tools calls fora 
considerable increase in the power necessary to drive the machines, 
as these tools take a heavier cut at a higher speed than those of car- 
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bon steel. These conditions make belt-slip very objectionable, and 
one of the chief advantages of motor driving is that it increases the 
power of machine tools beyond the capacity of belts of reasonable 
ength. Modern practice is in the direction of eliminating{the belt 
imost entirely, although there are a few machine tools, such as the 
older types of automatic-screw machines, grinding machines and some 
wood-working machines, on which they are necessarily retained. 


Pig. 34 Ram Mitt Driven sy 6000-n. ep. InpucTION Motor, SHow1ING 
BREAKABLE BEARING; INDIANA STEEL Company, Gary, 


242 Thegreat majority of metal-working machines are best adapted 
to motor driving through all-gear connections, although a few ma- 
chines, such as small grinders, buffing wheels, polishing wheels, etc., 
are best connected direct to the motor shaft. 


STEEL MILL WORK 


243 The application of motors to metal-forming machines, such 


| as rolls for rolling steel, charging cranes, etc., does not belong strictly 
f to machine-shop practice, but the work of these machines is closely 
x allied to what is required of other metal-working machines. Some 
= of this work now performed by motors is the heaviest kind of me- 
a 


chanical work ever attempted by any kind of prime mover. Fig. 34 

shows a large induction motor driving an up-to-date steel rail mill, 

requiring 6000 h.p. or more. The operation of an entire mill is fre- 
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quently dependent on the continuity of operation of each piece of 
apparatus. For this reason it has been the practice to build the 
steam engines which drive mill machinery of the most substantial 
material and design. In replacing engines by electric motors, these 
same features were embodied in the motors. 

244 The breakable coupling between the engine and the rolls is 
retained when motors are used. This coupling is of such strength that 
it breaks before the rolls are injured by shocks. The coupling fre- 
quently breaks diagonally, and a very heavy end-thrust is sometime- 


Fig. 35 Moror Usep oN CHARGING CRANE, BLOOMING MILL, ILLINOIS 
Steet Company, Souts Cuicaco, IL. 


produced, tending to separate the ends of the coupling. With the 
engine drive, this end-thrust frequently slides the roll housings out 
of their places, and considerable time is required to replace them. 

_ When motors are used, this difficulty is readily avoided by allowing 
_ the shaft of the motor to slide longitudinally in its bearings. To 
_ keep the motor shaft in its proper position, a breakable end-thrust 
P bearing has been devised, which allows a bolt to break at a_pre- 
determined pressure before any other part of the machinery can be in- 
jured. This breakable bearing is shown in Fig. 34. It acts throug! 

_ the breakage of the long bolts shown alongside of the beari ing housing. 


— 
MECHANICAL FEATURES OF ELECTRIC DRIVING 
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The ready replacement of the parts when the coupling breaks is only 
one of the advantages incidental to the use of the motor for driving 


rolls. 
245 


in Fig. 35 and Fig. 36. It is used on slab-charging cranes, screw- 
downs, mill tables, etc., where it is subject to very rough handling, 
intense heat, severe over-loads, dirty surroundings, and other unfavor- 
able conditions. All portions of these motors, such as the frame, shaft 
and bearings, are built unusually heavy to withstand safely the shocks 
to which they are subject. 

246 
writer will not attempt to describe. In Mr. DeLeeuw’s paper are 
enumerated some of the important points in regard to applying motors 


‘ 247 


Another style of motor, known as the mill motor, is illustrated 


There are thousands of other motor applications, which the 


to machine tools. The writer has therefore endeavored to confine 
himself to a consideration of those mechanical features not already 
covered. 


machine tools, of which 8150 are individually motor-driven. Group- 
driving has been adopted for some sensitive drills, speed lathes, and 
other small miscellaneous machines. Of the above tools there are 48 
portable machines, consisting of slotters, milling and drilling machines, 
radial drills, ete. These machines are operated on 32,675 sq. ft. of 
iron floor plate, in addition to which there are 7000 sq. ft. of iron rails. 


cemented into the floor, for erecting purposes. = 4 
a 


Fra. 36 Two 50-n.p, Direcr Current Morors 


At the Schenectady plant alone we have running some 8500 
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248 Had we continued our extensions since 1899, using lineshafts, 
countershafts and belting, we would have approximately 34,570 ft. 
of lineshaft, or about 64 miles, and about 4} miles of countershaft, 
which would require about 21,225 hangers and bearings. Allowing 
two belts to each machine, with an average length of 25 ft. per belt, 
we would have for the 8500 machines a total of 425,000 ft. of belting. 
equal to about 804 miles. 
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DISCUSSION ON ELECTRIC DRIVING IN 
MACHINE SHOPS 

The three preceding papers on Electric Driving were presented at meet- 
ings of the Society at St. Louis and New York, April 1910, and the diseus- 
sions at these meetings follows. At the New York meeting the American 
Institute of Eleetrical Engineers coéperated and contributed a paper by 
Charles Fair, Assoe. A. T. E. E. This paper was published in full in the 
Proceedings of the American Institute of Electrical Engineers for May 1910. 
It diseusses the advantages of the individual electrical drive for machine 
tools, with special references to tools which are already in service with 
belt drive. In such cases it is necessary to consider in choosing a motor 
the nature of the work, the speed changes required, the number of tools thus to 
be equipped, and the condition of the tools. Even where a motor is applied 
to a tool designed for belt drive, the new drive should be simple in construc- 
tion, satisfactory in operation, and sightly in appearance. Numerous methods 
of attaching motors to old tools are shown and described. 

The choiceof control, whether it be with old or new tools, is fully as important 
as the choice of the motor and it is necessary to consider the accessibility of, 
the controller to the operator, the method of attaching it to the tools, andits 
position relative to other tools. Accessibility in case of accident is an impor- 
tant consideration and the starting compensator should be placed where the 
motor or some of the moving parts can be seen by the operator. Wherever 
possible, both controller and motor should be attached directly tothe tool. 
In the ease of portable tools this is an absolute necessity. The effect of con- 
venient control upon the output of the tool is emphasized and various types 
of controllers and methods of application are shown and described. 

A table is attached which is designed toaid in a general way in the choice 
of motors, and numerous methods used to maintain standard motor shafts 
are illustrated. 

DISCUSSION AT ST. LOUIS 


W. F. M. Goss. A few years ago it was commonly believed 
that the electric motor could be used only under certain favorable 
conditions, If there are any today who hold such an opinion, they 
sould visit the great steel works at Gary, Ind., where not only 
tiuchines but compressors and roll trains are electrically driven, to be 
convinced that there is nothing in machine driving that can not be 
done by the electric motor. 

A modern machine shop, whether for repairs or manufacture, 
237 
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presents an equipment of specialized machines. The capitalization 
which underlies the operation of the shop has been extended enor- 
mously in these later days, and the added cost of a motor to drive an 
individual machine is now more easily met than formerly. If the 
layout of the shop is properly balanced and if there is business suffi- 
cient to keep the machines going, an individual motor for each ma- 
chine will increase the output and improve the efficiency of the shop. 

I do not believe that there are many cases where it will pay to 
fit motors to old machines. There may be individual cases where this 
may profitably be done, but the new motor and the old machine wil! 
always be less efficient than a complete new outfit. If a point is 
reached inthe development of a shop where electrification is in order, 
it will generally pay to provide new machines which will be up to 
the standard of the motor. 

I am convinced that the machine tool of the future is to be an 
individual motor-driven machine, a machine in which we shall not 
see pulleys, belts, or gears. Such a machine will not only be powerful, 
ready for instant service and easy to maintain, but it may be taken 
from its station if desired and moved to its work. It will be an instru- 
ment which, because of these facts, can be used in the development 
of a much larger output than will ever be possible from machines of 
the ordinary characteristics. 


EK. R. Fisu.! There are probably few manufacturing plants 
designed at present which do not provide in a greater or less degree for 
electric transmission of power. In many instances provision is made 
for a generating plant, but sometimes it is more economical to pur- 
chase current from a central station. My own experience has been in 
connection with a shop for the manufacture of boilers. In plants of 
this kind several methods of power transmission are required, but a 
great many of the tools can best be driven by motors. In fact the 
use of motors permits the only rational layout of a shop of this sort 
for economical production. Any other form of motive power can be 
used only at great inconvenience, with poor economy, and with large 
maintenance charges. With motor drives the machines can be located 
exactly where they are wanted and where the successive operations 
will progress without unnecessary handling or delay. We use the 
220-volt, 3-phase, 60-cycle current and have found it entirely satis- 
factory. It drives plate-working tools of all sorts through individua! 
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motors, drives a small machine shop through a lineshaft, and operates 
a 25-ton traveling crane. In our case it was quite impracticable to 
use power from a public-service station because our processes required 
a power house of our own. We did want an emergency connection 
from the outside in order to provide against possible failures of our | 

own generator but the ready-to-serve charge was quite prohibitive. 

A large portion of our work is done by hydraulic and pneumatic tools, — - 
so that even though the generator should fail, the works would not 

be entirely shut down. It was therefore unnecessary that this charge 

be incurred. It is undoubtedly true that in many instances a protec- 

tion against break-downs which would completely close the plant. 
would justify the cost of such an outside connection. 


A. H. Timmerman.' The choice of direct or alternating current: 
for machine shop drives depends largely upon whether there is a 
possibility of throwing over to a power company’s circuit. If the 
ready-to-serve charge is not too great, the alternating-current dis- 
tribution is by far the best, because in case of failure of supply the 
alternating current of the power company can be relied upon. . 

In the case of an individual installation in which the amount 
of power required is large and there is no public service corporation 
to rely upon, the question of direct or alternating current is largely 
a question of the area covered by the plant. Alternating current is 
satisfactory for both small and large plants; but direct current is 
hardly suitable for a plant extending over a considerable area, 
because of the large drop in voltage due to the long lines required. 

Six or eight years ago a great deal was heard about adjustable- 
speed motors for all forms of machine-tool drive, but machine tool 
builders have found it necessary to build their tools so as to get the 
necessary changes in speed mechanically. 

I was rather surprised that emphasis was placed on the squirrel- 
cage polyphase motor. There is an increasing demand on the part of 
the power companies for the wound-rotor type. The squirrel-cage 
draws a very heavy current at starting, in comparison with that used 
by the wound-rotor type. With the latter type full-load torque is 
obtained with full-load current, or double torque with double current. 
The squirrel-cage type requires for full-load torque from two to four 
times full-load current, depending upon the design of the motor. 

In this coinection it is also of interest to note that the single- 
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phase alternating-current motor can be used just as well as the poly- 
phase motor for tool drive. In fact in many installations it is much 
better because a single-phase motor, starting on the repulsion prin- 
ciple, has an exceedingly high torque and draws very much less current 
from the line for a given torque, than is drawn by any other type of 
motor. 

The amount of power drawn for any tool varies from one-tenth 
full load to a load and a half, and the motor on an individual too! 
must be able to take care of the largest load that the tool is liable to 
have. On the other hand, if five or ten tools are grouped together, a 
motor that has perhaps a quarter of the sum of the individual horse- 
power capacities required on the different tools may be installed. 
This is shown by the fact that even where a group drive is used, the 
actual power drawn from the generator is very often not in excess of 
40 to 60 per cent of the total horsepower connected to the generator. 

In the installation of alternating-current motors care should be 
taken that motors not too large for the work are chosen. The alter- 
nating-current motor has a very much heavier overload capacity than 
the direct-current type, and since the power factor at fractional 
loads is rather low, it is better to have alternating-current motors 


overloaded than underloaded. 


P. A. Morse.! If it is necessary to use alternating current from thie 
source of power it is very frequently advisable to put in motor-gene- 
rators, to take care of machine tools or of hoist motors in such a way 
that a much better power factor is obtained, thereby decreasing the 
watt load and increasing the capacity of the generating units. The 
Grand Trunk shops have some large motor-driven compressors to 
which are coupled synchronous motors. At a plant in St. Louis in 
which the power factor was very low, the slip-ring type of alternat- 
ing-current motors was used for certain work. When these were 
changed recently to direct-current, it increased the power factor and 
the capacity of the generating plant. 

While alternating-current motors, both single-phase and _ poly- 
phase, have in recent years been adopted very widely as sources of 
power in the machine shop, the fact still remains that with a class 
of work which calls for mechanically different sizes of material to be 
passed through, and where the processes on a given machine too! 


7 
* 
MMngineer, Western Electric Co., St. Louis, Mo. 


are not the same from day to day, it will be almost imperative to use 
the direct-current motor. 

Recent practice is to furnish direct-current motors with inter-poles 
to improve the commutation and the advantage claimed for the 
alternating-current motor, that it gives less trouble, should not be 
as much of a factor hereafter. 

The alternating-current motor, of course, has practically only the 
bearings to be looked after, but the narrow air-gap, which is neces- 
sary in order to correct certain other things which would make the 
motor undesirable, must be balanced against commutator trouble. 
Within the last few years considerable work has been done in better- 
ing the commutation of motors. This fact has not been generally 
recognized but will have its bearing on future installations, 


H. H. Humpurey.' In connection with stand-by service from a 
publie utility company, it is often an advantage to be able to start 
part of the plant before the power plant is ready. I know of one case 
where the entire plant ran for about three months on central station 
power. This service has been abandoned this year because it was 
found that the isolated plant is much more reliable than the central 
station service in this particular case. 

A growing industrial plant is generally provided with reserve 
power capacity, while on the other hand the central station com- 
panies are generally overloaded. If they are not this year, they 
will be next, for the reason that they connect more customers than 
their total capacity. 


O. STEPHENSEN.? Regarding the relative merits of direct and 
ulternating-current motors, there are many cases in which a con- 
stant-speed motor can be used, especially for quantity manufacture. 
Only where the work changes from one job to the next or from mo- 
ment to moment is an adjustable-speed motor required. 

[ also take issue with the objection made to the alternating- 
current motor because of the small air gap. Even with an air gap of 
only a few thousandths of an inch, proper care, which means nothing 
more than the right kind of oil in the bearings and the right amount at 
the right time, will prevent the rotors wearing on the stators, if the 
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bearings are designed liberally enough. The latter point is therefore 
a very important one to the purchaser of an alternating-current motor. 


Wit1am H. Bryan. The State Railway Commission of Wiscon- 
sin has been doing some admirable educational work towards a better 
understanding of the ready-to-serve charge. It is fixing rates for 
all the utilities in that state, and doing it very thoroughly and well. 

I do not like Mr. Robbins’ method of charging depreciation 
as outlined in Appendix No. 4 of his paper. This method, which he 
says is in general use in appraising shop tools, is to charge off a cer- 
tain percentage each year. He gives it as 10 per cent, which I find 
very common figure. A tool may thus be thirty or forty years old 
and still have book value. The more modern way of handling 
depreciation is the sinking-fund scheme, by which the probable life 
of the tool is first estimated, by a study of its service, and then an 
amount is set aside each year, which will, with interest compounded 
annually, at the end of the assumed period of life, have replaced the 

: full valueofthetool. Toascertain the value at any intermediate date 
the amount of the accumulation in that fund is deducted from the 
7 cost of duplicating the tool. 


> b 4 H. Wave Hissarp. I recently visited the St. George Street 
plant of the American Car and Foundry Company in St. Louis, 
where electric driving is applied to a wide range of work. That 
plant, engaged in the manufacture of steel cars, is very large and 
compact. Since it is engaged in the manufacture of a large numbe: 
of parts that can be produced ona factory basis, they have adopted 
alternating-current motors. The large machines are individually- 
driven, and the small machines are group-driven. ae p= 


Henry Hess. I cannot agree that the direct-connected motor 
drive is always and everywhere the only correct thing; nor do | 
reject it absolutely and utterly for every shop, place and tool. Bot) 
attitudes are too radical and sweeping; truth will be found as usu:! 

between the extremes. 

The direct-connected motor drive is distinctly preferable whe: 

any advantage in quantity of output results from its use, or where « 
' . Baro is to be portable, or is so located that it can be reached on), 
7 * long or awkward lineshaft and belt drives. Under every oth) 


condition the individual motor drive is more expensive in init!«! 
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installation and upkeep, and more complicated to maintain in the 
average shop. 

The absence of overhead and vertical belting is an advantage 
that appeals to the extremist. The amount of light obstructed is 
inappreciable, be the shop of the modern well-lighted type or one of 
the older dark interior. The horrible example which Mr. Riddell 
shows (Fig. 21) is most carefully selected; but is not necessarily repre- 
sentative. In contrast note Figs. 37 and 38 herewith. Here are six 
parallel rows of lathes in a shop bay 50 ft. in width. The two side 
rows are driven from lineshafts carried on the crane columns. The 
four central rows are driven from two lineshafts that are mounted on 
cast-iron columns standing free of the building. Cross-arms from 
these support longitudinal channel beams to which the countershaft 
hangers are attached. The lineshafts are driven by alternating- 
current motors back-geared to the shafts. Note also the util- 
ization of the crane-track girders for carrying the lineshaft that drives 
tools close to the crane columns. These lineshafts are also direct motor- 
driven. There is no interference with the overhead traveling crane. 
Not the most rabid advocate of light has ever been able to criticise 
this installation for lack of it. Nor is there any noticeable interference 
with lighting when there is an overhead ceiling as in Fig. 39. Here 
again the lineshaft is driven by a motor attached to the ceiling. 

Even eliminating all of the many establishments that could not 
fairly be classed as progressive, provided the test of progressiveness 
is not based on the direct-connected idea, an examination of the 
machine shops in a given city will fail to show the prevalence of the 
direct-connected individual drive, whether the comparison be based 
on the number of shops, the number of machines, or the power trans- 
mitted. The conditions found in one city will be found true of others 
and of the country districts as well. The lineshaft and belting manu- 
facturers are not yet losing sleep or going into the hands of receivers. 

Whenever increase in capacity is directly attributable to the indi- 
vidual motor drive, that should be installed; but in each case it 
should be carefully considered whether the same increase in capacity 
cannot be secured without it. Then the relative cost of initial equip- 
ment and maintenance should be the deciding factor. 

The shop manager not interested in what his operation costs 
is likely soon to receive emphatic reminder that his lack of interest is 
not shared by those whose dividends are affected. Every possible 
saving should be taken advantage of, every element of cost should 
be reduced if possible. 
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As producing engineers, we are all necessarily interested in 
advocating the particular thing we produce or help to produce. 
far as my advocacy of the ball bearing is concerned, however, thai 

does not predispose me toward the ball-bearing lineshaft, for the sim, 
ple reason that the ball bearing is quite as widely employed on elec- 
tric motors as on lineshafts. 

Can the most thorough-paced advocate of the electric motor 
claim for it that it delivers more power than may be transmitted 
through a belt? Should one be found possessed of sufficient temerity, 

then what explanation has he to offer for that species of direct-con- 
nected motor drive in which a belt is interposed between the motor 
and the machine? Many such are to be found in the shops of the best- 
equipped motor manufacturers, who, believing in the most thoroug): 
way in adopting what they advocate for others, equip throughou! 
with motors to the exclusion of all lineshafts. Certainly these manu- 
facturers and their shop managers do not go to the length of sacrificing 
‘apacity merely to be consistent, but they get that result in many 
cases through belts, and even through belts plus the despised counter- 
shaft, with the motor thus twice removed from the direct connection 
(see Figs. 25 and 29, of Mr. Riddell’s paper). 

Moreover, with belt drive the machine-tool manufacturer can 
build his machines in large lots without having to individualiz 
for the almost endless diversity in electric motors. Attention as 
been called to the difficulties in reconciling the diametrically opposed 
needs of the electric motor and the machine tool. All of these diffi- 
culties are solved by the gear box already in more or less general use 
by many machine tool builders. It may be driven by either a direct- 
current or an alternating-current motor or by a belt from a lineshaft 
or countershaft. All it asks is that the motor or belt be of sufficient 

size to satisfy its hunger for power. 

A motor is many times more costly than a belt, wastes far 
more power in journal friction and windage alone than the belt uses 
up, and in addition has great electrical losses. Mr. Robbins, in 
advocating the motor, admits a motor waste of one horse-power to 
every three usefully delivered. What belted drive can be accused of 
similar wastefulness and inefficiency? Remember also that the belt 
drive does not vary in speed even by a few per cent. Canthat be said 
of the electricmotor? Evenitsadvocates have admitted the contrary. 

Great credit is due the manufacturers of electric machinery 
for having given an impetus to the art of economical machine produc- 
tion. They have not only stimulated the advance through constant 
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demand on the machine tool builder but they have also shown him 
the way by example. Naturally they have made the widest possible 
use of that means of power transmission which constitutes one of their 
staples of manufacture. That has focussed attention on the methods 
they advocate. Other methods no less meritorious, or even superior, 
with no such strenuous and interested advocates have not been simil- 
arly brought to public attention, and possibly have not felt the need. 

The essential matter which the man responsible for final costs 
must weigh is not that of direct-connected individual motor drive, 
or of any other drive, but that of final total cost as influenced by 
all factors. So far as the transmission and application of power are 
concerned, it is a matter of largest output at least cost. It must be 
hy motor if that gives more output than can be realized by shaft and 
belt. It must be by shaft and belt if that can give as great an output 
as the motor. The decision must so fall, simply because of lower first 
cost and lower upkeep cost. 

Stress has been laid in the papers on the economical features of 
the direct electric motor drive. Whenever such application results 
in increased output, due to qualities inherent in the clectrie motor, 
then the direct motor drive is in order. Whenever the direct motor 
application does not inherently reduce operating time, then inves- 
tigation is in order to determine whether the line-shaft drive is not 
more economical and the direct motor application a compliance 
with a fad to be dearly paid for. 

The impression given by the papers is one of the all-round 
superiority of the direct-connected motor. It is only in the following 
istances, however, that the individual motor drive overbalances the 
economic features of the lineshaft: 


a Where machine portability is important. 

b Where relative under-equipment with large machines makes 

1 their overtime operation necessary, while the balance of 

the plant is idle. 

_ ¢ Where occasional machines can be reached only by long 
lines of shafts or are inconvenient to drive from the line- 
shaft. 

d Where the direct motor application results in increased 
productive output not otherwise obtainable. 


1 every other case the lineshaft has the advantages of lower 
inst cost, lower cost of maintenance, smaller depreciation, less power 
ts. 
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Moreover, the differences are very decided. This is true even 
when the lineshafts are mounted on plain bearings, with their large 
friction wastes. It is still more true when these friction losses are 
reduced by mounting the lineshafts on ball bearings of a durable 
type. The difference is still further increased in favor of the lineshaft 
when it is run at the high speed that ball bearings make feasible. 
High speed decreases weight of shafting, weight of pulleys, weight of 
belts, and with these the journal loads and losses, as well as the first 
cost of every element in the system. 

Realizing that definite figures rather than general statements are 
wanted, I have made direct quantitative comparisons, using as 
a base an existing, well-arranged plant of direct motor-driven machine 
tools. For this purpose our former president, James M. Dodge, 
placed the data and experience of the Link Belt Company’s works 
at my disposal. 

Fifteen representative machine tools cost for motors $4920; for 
power annually at $0.03 per kw-hr. $2930; for depreciation at 10 
per cent and maintenance at 5 per cent $492 and $246 respectively. 
The total annual cost is $3668 

A lineshaft installation at 200 r.p.m. on plain bearings would A 
cost only $520 initially and take $170 less annually for power, with 
a total annual cost of only $2838, or $830.00 less. 

The same lineshaft, but carried in ball bearings, would cost only 
$790 initially, save $330 in power annually and involve a total 
annual cost of only $2718, or $950 less. 

Increasing the lineshaft speed to 600 r.p.m. and carrying this 
in ball bearings gives the most economical arrangement at an initial 
cost of only $460, an annual power charge reduced by $750 and a 
total annual cost of but $2249, or $1419 less. 

Such a high-speed ball-bearing lineshaft system costs less than 
e-tenth as much to purchase as a direct-connected individual 

itor system, while involving less than two-thirds the latter’s annual 
arges. Even this can be bettered materially by the employment of 

\| bearings in the countershaft and loose pulleys. 

The data on which the foregoing is bised are given in detail 

the Appendix herewith, based on the tabulation, Table 19, of 
reet-connected machine tools in the shops of the Link Belt Com- 
iny’s plant, at Philadelphia. 
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APPENDIX TO DISCUSSION BY HENRY HESS 


REFERENCES 'TO TABLE 19) 


4 As the total load factorin Table 19 is 17.0 per cent of the total motor rating, 
the total useful power delivered is 167 X 0.17 = 28.4 h.p. 

In Par. 126 of hjs paper Mr. Robbins allows for the low load factor of direct> 
connected motors by assuming an average motor efficiency of 75 per cent 
But this is not the whole story. Some prime mover, as a steam engine, must 
first drive an electric generator and the current must then be conveyed to thy 
motor by wires. ‘The generator efficiency will average 92 per cent and the line 
transmission 95 per cent. This makes a combined average efficiency for thie 
generator, line and motor of 0.92 X 0.95 X0.75 = 0.65. 


Using this value gives — = 43.6 h.p. as the average total power con 
65 


sumption. 

The cost varies with local conditions, but will rarely be less than 3 cents 
per kilowatt-hour, making the power cost for a year of 300 days at 10 hours 
0.03 X 43.6 X 0.746 & 3000 = $2930. 


TABLE 19 DIRECT-CONNECTED MACHINE TOOL DATA 


Moron Moror Loap Moror 
No. RATING Facror Cosr Bay MacuINe 
Horse-Power Per Centr DoLLaRs 
120-in. vertical boring mill 
84-in. vertical boring mill 
37-in. vertical boring mill 
30-in. vertical boring mill > 
Keyseater 
Drill press 


Keyseater 
20 in. X 49 ft. lathe 


30in.X 27ft.lathe 
Cut-off lathe 

Milling machin® 

Planer 

Side planer 

Screw cutter 


REFERENCES TO TABLE 20 _ 


r 


The lineshaft and countershaft journal losses in Table 20 are based on « 
ratio of 1.94 to 1, in accord with Flather’s findings of average machine shop con” 
ditions as quoted in Kent’s Pocket Book, 4th edition, p.965. © 

REFERENCES TO TABLE 21 

The loss of 13.2 h.p. on plain bearings in Table 20 is incurred by the line. 

shaft journals and the countershafts; it is reasonably accurate to apportion 


fi 
t 
+ 
4) 
7 
44 12 8.3. 440 
«62 3 16.7 159 
«104 12 14.2 440 
59 8 18.8 
66 9 15.5 250 
I ed Total 167 17.0 $1922 


TABLE20 LINESHAFT DATA AT 200 R.P.M. WITH PLAIN RING-OILING BEARINGS 


Shaft diameter 2}? in. safe for 100 h.p. usual catalog rating 

19 hammers, drop with simgolling 


Useful power delivered to the machines, as with the motors... 


Totalannual payment for powerat $0.03 per kw-hr. and 3000 hours 


. 
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= 0.03 XK 41.6 X 0.746 XK 3000 = 


TABLE 21 LINESHAFT DATA AT 200 R.P.M. WITH BALL BEARINGS, 
OTHERWISE AS IN TABLE 20 

2 D Hangers, with medium weight ball bearings next 80.34 

$787.79 


seful power delivered to the machines, as with the motors 
Lineshaft and countershaft journal losses...... 


28.4 
10.9 h.p. 


Totalannual payment for power at $0.03 per kw-hr. and3000 hours 


TABLE 22 LINESHAFT DATA AT 600 R.P.M. WITH BALL BEARINGS | = 


Shaft diameter 2 { . in. safe for 96 h.p. usual catalog rating 


B hangers 18 in. deep with ball nent tomain pulley............. 34.68 
B hangers 18 tn. drop with light-weight ball bearings... .... 150.00 
$456.60 

‘seful power delivered to the machines as with the motors..............0...66000005 28.4 h.p. 
32.5 h.p. 


otal annual payment for power at $0.03 per kw-hr. and 3000 hours 
= 0.03 32.5 0.746 X 3000=............ th $2180.00 


$65.20 
90.62 
26.77 
81.60. 
217.71 
16 
4 
13.2h.p. +> 
$2700.00 
F 
| | | 
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this equally between the two. Ball bearings will save, under average conditions. 
if other conditions remain unchanged, about 35 per cent of the lineshaf' 
journal loss. In this case, therefore, taking the 13.2 h.p. from Table 20, } > 
13.2 X 0.35 = 2.3 h.p. This leaves a loss of 13.2— 2.3 = 10.9 h.p., as given 
in Table 21. 

The loss could be reduced by another 2.3 h.p. by mounting loose pulleys 
and countershafts on ball bearings; but as these parts are generally furnished 
with the machine it is relatively difficult to secure them so mounted. It must 
be remembered that it is the user and not the builder of the machine who secures 
the benefits of the ball bearing mounting and it behooves the user to specify 
accordingly and to insist on compliance. 


REFERENCES TO TABLE 22 


Referring to the useful power delivered te the machines, the total line- 
_ shaft load is now only 


7110 x 600 
12 X 33,000 
~ owing to the reduction in weight of the shaft, pulleys and belts and also the re- 
duction in pull of narrower high-speed belts to 7110 lb. 
The countershaft total load is 5000 lb., speed 400, but the friction is hig) 
a about 0.08 as conditions are not as good for the plain journals of the counter- 


x 0.0015 = 


shafts. This gives a loss of 
2, x 5000 x 400 x 0.08 


= 3.1 h.p. 
12 x 33,000 
Total loss = 3.1 + 1 = 4.1, as in Table 22. =? 


L. R. Pomeroy. In Par. 95 of his paper, Mr. Robbins states that 
the alternating-current motor is essentially a constant-speed machine. 
The variable-speed alternating-current motor, possessing seric- 
characteristics, is not adapted to general machine tool driving, but 
it can be used to more or less advantage to perform operations to 
which a series motor is adapted, such as driving bending rolls, cranes, 
ete. In a number of tools it is advantageous to vary the speed, to 
stop, start and reverse quickly in order to facilitate lining up the 
work, to take a trial cut, to adjust counterbore, etc. After such 
adjustment the open or synchronous speed can be used for cutting 
and the tool then becomes, through its working cycle, essentially « 
constant-speed machine. The additional speed changes, as outlined. 
are valuable as time savers and are justified from this standpoint, 
yet it is not necessary to drive with a direct-current motor. 
The references in Par. 96 and Par. 149 to geared-head machines 
or tools equipped with mechanical speed variation hardly do justice 
to these tools, as the speed-changing mechanism in many of them is 
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as available and handy as if obtained electrically and, a 
removes the necessity for individual drive for a tool located i 
department group. There is no question that, from a commercia! 
viewpoint, the alternating-current motor is preferable for constant- 
speed work, on account of economy of transmission, case of 
obtaining proper voltage for lighting, and the general cost of 
upkeep of motors. As an example of this latter point, the case of a 
large manufacturing concern in the Middle West is pertinent. The 
shop is provided with both direct and alternating-current motors, 
and the cost of upkeep is $2 per month more for the 600 h.p. in 
direct current than for the 4000 h.p. in alternating current. 

For railroad shop conditions 75 per cent of all requirements can 
be fully met by constant-speed motors and as the necessary 25 per 
cent of direct-current motors for the variable-speed machines can be 
obtained by the use of a motor-generator, it would seem that this 
is the most desirable combination to use. By providing a synchronous 
motor for driving the motor generator, an excellent opportunity is 
given to adjust or to increase the power factor, thereby eliminating 
the low power factor and its consequent disadvantages. The syn- 
chronous motor, besides delivering leading current and neutralizing 
alow power factor, has 70 per cent of its capacity available for mechan- 
ieal load, and as this part of the load can be utilized to supply the 
necessary direct current for variable-speed tools, the combination 
becomes an efficient one. Alternating-current motors are especially 
economical and advantageous in wood-working shops on account of 
the presence of dust and flying particles. If direet-current motors 
are used, the fire hazard necessitates the use of enclosed motors, 
which are much larger for a given output, on account of the restricted 
ventilation due to enclosing. 

As an illustration of the advantage of ‘reckoning with the in- 
termittent duty of a given machine in determiningthe size of motor 

select for a given service, suppose the requirements are 50 h.p. 
‘five minutes, 10 h.p. for ten minutes, the cycle to be repeated every 
minutes with speed constant. The speed characteristics of the 
ter require a shunt excitation, i.e., a definite exciting current 
the fields regardless of the load on the armature. The average mo- 
r load is 


50h.p. X Smin. = 250h.p.min, 
10 h.p. X 10 min. = 100 h.p. min. % 


Total, 350 h.p. min. 


23.3 h.p. average. 
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The average load will not produce the heating that the cycle 
will, for the reason that the copper loss varies as the square of the 
current. The root mean square or equivalent heating will be produced 
by the following: 


195 
(50)? X 5 min. = 12,500 (h.p.)? min. 


(10)? X 10 min. = (h.p.)? min. 
Total, 13,500 (h.p.)? min. 


Dividing this power by 15 minutes gives the average square as 
900, the square root of which is 30 h.p. 


500 


15 
This is the root mean square load, or a load which will produce the 
same heating if applied continuously as would the intermittent work. 
Group driving, employing relatively short main and counter-shaft- 
ing, is not an unmixed evil for the reason that the aggregate stored 
energy of pulleys, due to flywheel action, is advantageous where slot- 
ters, shapers, drills, planers, ete., are present, counteracting ina large 
measure the shaft friction losses. Very often a better load factor is 
obtained from the group motors than from the aggregate intermittent 
service of the individual-drive motors. The repairs on individual- 
drive motors are heavier than for the same number of group-driv: 
_ motors. As an illustration, a certain shop has the same number o! 
-motors as one of 70 per cent greater capacity located in another city, 
both shops producing the same kind of output. In the former case 
individual drive is therule; in the latter group driving prevails. The 
repairs per unit of output are larger in the former than in the latter. 
7 It is also quite necessary to consider the work to be performed 
_ by a given tool in a given department, rather than the range of the 
tool. For example, a 72-in. boring mill has an ultimate range of 
work from 72 to 3 in., and with various materials a cutting-specd 
rang of 15 to 25 ft. per min. The total speed range therefore becom: 
ims 


Where the variety of work a tool will perform is the determining 
factor a wide range of speed quickly obtained is desirable, but und:r 
ordinary machine shop conditions, volume of output is the standard 
governing the selection of a tool, requiring in many cases consts.\t 
Speed. 
al 
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R. POMEROY 
The ideal condition is when the work is so classified and arranged 
that the machine is performing practically the same work all the time, 
i.e., duplication of parts. This condition requires the minimum amount 
of speed manipulation, at least that which is electrically obtained. 
The more variable speed is sought for, the further we are getting from 
ideal conditions. This should promote judicious conservatism and 
careful analysis to make sure of definite reasons for departure from 
the ideal standard. A careful study of each tool, with reference to the 
work to be performed, will establish definite ranges of speed, which will 
be found quite narrow, and which automatically determine the 
power requirements. The selection of the driving motor would be 
voverned by the foregoing conditions, and might not apply to the 
same kind of machine in another shop or even in another department 
of the same shop, where a different output prevailed. : 
Mechanical changes of a simple character, not covering a very 
wide range but grouped about the zone of work for which the tool is 
generally intended or selected to perform, giving changes within 
comparatively narrow limits, provide variations that are useful and 
advantageous. This avoids the necessity of using motors with large 
speed ranges and very often admits of the application of a constant- 
speed motor, where otherwise a variable-speed motor might be re- 
quired, all of which tends towards economy in first cost and repairs. 
The results of comparison vary, depending upon whether the 
tool output is based on performing stunts or ordinary commercial shop 
operations. In forge shops at steel-plants, where no attempt is 
made to forge close to size and the machine tools are relied on quickly 
to reduce the forgings to rough-finished sizes, or where motor shafts 
are rough-forged and then finished on machines, the question of high- 
speed cutting tools and powerful machines is of the greatest import- 
ance. But in railroad shops where the companies purchase driving 
axles, crank pins, piston rods, etc., rough-turned with a flat-nosed 
tool to within one-eighth or one-sixteenth of an inch of finished 
limensions, an entirely different standard necessarily governs the rat- 
of tools, both as to power and speed requirements. For instance, 
n « list of parts, 23 in number, scheduled for manufacture at the 
‘ral or main shop of a large railway, the arrangement is such that 
minimum amount of machine work has to be performed at the 
‘| ordivision shop where the repairs are to bemade. Piston rods are 
hed except piston and crosshead fits, crank pins are finished com- 
: except for wheel fit, etc., all of which goes to show that a large 
juantity of work, at least in railroad shops, requires minimum rather 
than maximum machine tool duty. 
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The heavy type of so-called high-speed lathe is practically built 
for forging lathe conditions and under these conditions requires high 
power to drive it, but when, as is frequently the case, this same too! 
is installed in a railway shop where much smaller cuts are the rule, 
it is not necessary to provide for such great power, as the full capacity 
of the tool is never utilized. 

In order to utilize the full power of such a machine, it is necessary 
to raise the cutting speed in the same proportion as the area of the 
cut is reduced, but this is not always possible. For example, a 3 in. 

_ by } in. cut was taken at 38 ft. per min., while with a cut of 4’; in. 
by % in. only 52 ft. per min. could be obtained. With one-half the 
area of the cut, the cutting speed could be increased only one-third, 
resulting in the removal of only 57 per cent as much metal. If the 
full capacity of the machine is not possible, why pay the price for a 
high-power motor when a saving in first cost is possible by the selec- 
tion of a motor more suitable and a better efficiency can be obtained 
by running the motor more nearly up to its normal capacity? A 10 
per cent loss in efficiency on a 15-h.p. motor capitalized at 10 per cent 
_ per annum would amount to $750. The same policy carried out among 
a large number of machines would result in a considerable saving. 

The formula in Par. 185 can be simplified and made more work- 

able if stated as 


diameter X r.p.m. 
3.82 


This affords a very expeditious method of finding by the slide rule 
_ the cubic inches of metal removed per minute, which equals diamete: 
xX rp.m. X 3.15 depth by feed. Substituting the values given |)\ 

Mr. Robbins, we have 5.5 X 45 X 3.15 & 0.45 & 0.06 = 21 cu. in. 


a 


at 


Gano Dunn.' It is not a question of whether or not we should 
have electric motor drive in a machine shop, but what kind of drive. 
If what Mr. Hess said is true, most of us are wrong, yet I think I am 

within the facts when I say there are very few machine shops built 
today that are not electrically driven. If we adopted Mr. Hess's 
_ methods of equipping a factory, we should have the conditions shown 


in Fig. 21 of Mr. Riddell’s paper. It is obvious that his form of 
machine shop is obsolete. 
After all, the cost of power in our plants is not the principal ques- 
1 Vice-President, Crocker-Wheeler Co., Ampere, N. J. | 


= 


a 


tion. Some years ago | gathered figures which showed that the cost 
of power in the average machine shop was only about two per cent of 
the value of its product. That indicates that questions of saving in — 
power are of minor importance. 

With Mr. Hess’s suggestion, where should we come out on the 
other vital part of the question, the capacity or output? The day of 
the electric motor in a machine shop is the day of the red-hot chip. 
It has driven out belts in the same way that it has driven horses from 
the front of street cars. It is successful, it is practical, and it is the 
one thing that fills all our wants, because it gives us all the power we 
want, where we want it, when we want it, and as we want it. 

Mr. DeLeeuw’s paper and Mr. Robbins’ paper are dictionaries 
of the art of electric driving. In connection with the classic paper of 
Mr. Taylor, On the Art of Cutting Metals, we now have a reference 
library to which we can turn for almost any question likely to come up. 

I do not believe there is any specifie rule that can be laid down 
to guide an engineer in the layout of a machine shop. Each case must. 
be decided on its own basis. My view of how much power it takes to 
run a particular machine tool is that it depends on who is the superin- 
tendent of the shop. The problem is principally one of capacity. The 
enormous capacity we can put into a tool by means of the electric 
drive, to say nothing of all the other advantages that have been 
rehearsed, it seems to me not only settles the question now, but 
will continue to settle it. 

In the very early days, when it was hard to get the attention of 
manufacturers to the subject of the electric drive, we had to use the 
argument that it saved power. Then there came a time when it was 
admitted that electric motors were good for ordinary work, but could 
not drive rolling mills. And now the climax of rolling-mill develop- 
ment is capped when we see a 6000-h.p. induction motor driving the 
mill at Gary. I feel that we have now closed the first chapter on the 
art of the electric drive in machine shops. 


‘RED. L. EBeruarpt, Vice-President of the National Machine Tool 
Builders’ Association, gave asummary of the progress made toward the 

udardization of motors for machine tools by a committee from 

association in conference with one appointed by the American 
As-ociation of Motor Manufacturers. Fifteen points were proposed 
discussion by the former committee, of which seven were agreed 
u and have since been adopted by the motor manufacturers. The 


aining eight are still being studied and discussed. The following 


: 
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quotations from the report of the committee on standardization « 
motor drives for machine tools to the Rochester convention of th. 
National Machine Tool Builders’ Association, May 24, 1910, ov- 
lines the present situation: 


1 Horse-Powers. It is thought that the following horse-powers will mevt 
practically all the requirements of electric drives for machine tools: 1, 1) (for 
D.C. only), 2, 3,5, 7!, 10, 15, 20and 25. Though it was agreed that horse-powers 
more than 25 and less than 1 are used, it was not thought advisable to embody 
them at the present in the attempted standardization. 


2 Voltage. It is recommended that for D. C. motors 115 and 230 volts he 
adopted as standard, and for A. C. motors 110 and 220 volts. There is now a 
good deal of confusion as to voltages for D. C. motors. The motor manu!ac- 
turers have reached an agreement among themselves as to these voltages, and 
the 115 and 230 voltages recommended by them represent the nominal voltage 
of the system, and not the real voltage at the motor. 


3 It is recommended that the horse-power ratings for machine-tool drives 
be the standard ratings of the American Association of Electric Motor Manu- 
facturers, i.e., (a) that motors be given the continuous constant horse-power 
rating where approximately standard load conditions exist; (6) for adjustable- 
speed motors used for intermittent service the standard two-hour continuous- 
duty rating be used for ordinary shop conditions and that the name plates of 
such motors indicate the time as well as horse-power ratings of the motor, and 
further that the horse-power be figured at the high as well as the low speed for 
adjustable speed service. 


4 D.C. Motors. It is the recommendation of the joint committee that 
constant speed motors, adjustable speed motors with a range of 2 to 1, and ad- 
justable speed motors with a range of 3 to 1, be included in the attempt at 
standardization. This does not exclude the oceasional use of motors with a 
different speed range, such as 4to 1, or even more; but it was the opinion of the 
committee that motors with a higher range of speed than 3 to 1 are not used 
to a sufficient extent and are not so absolutely necessary for machine-tool con- 
struction as to include them among the standardized motors. 


5 The following table of speeds is recommended as the standard for adjust- 
able speed D. C. motors: —- 


h.p. 
aq 4-2 


1500—750 


4 
-" 
| 
=) 
| 
900—300 
900—300 
1200—400 
1200—400 
1200—400 | 
1200—400 
4 a 
— 


6 A.C. Motors. It is recommended that the following table of polyphase 
60-cycle A. C. motors be adopted: 


20 h.p. 900 and 600 1200 
10 h.p. 1200 and 600 1800 & 1200 
74 h.p. 1200 and 900 


7 For the consideration of the constant-speed A. C. motors, 60 cycles is to 
be used as the basis. 

8 Shaft Diameter. It is recommended that the shaft diameter be figured 
according to the formula D=C \/ a in which C is a constant to be agreed — 


upon by motor manufacturers, D the diameter, and S the speed; it is further 
desired that all diameters up to and including one and one-half inches be given 
in one-eighth of aninch, and all diameters above one and one-half inches be 
given in one-quarter of an inch. 

9 Length of Shaft. It is recommended that there shall be a fixed propor- 
tion between diameter and length; the constant to be determined by the motor 
builders. Further, that the shaft be rounded at the end. 

10 Keyways. It is recommended that keyways be made for square keys | 
and that the key be equal to one-fourth the diameter of the shaft. 

11 Driving Fit. It is recommended that there be added to the standard 
dimensions of the shaft 0.0005 in. for every half-inch diameter of the shaft or 
fraction thereof. 

12 Variation. Itisrecommended that shafts shall not be under the specified 
size, but may exceed same by 0.0005. 

13 Height of Centre. The height of center to be given in full one-fourth 
inch, and shall not be less than figured dimension, but may exceed this dimen- | 
sion by one thirty-second. ‘ 

14 Clearance Circle. It is recommended that the clearance circle around 
the motor shall have a diameter of one-half-inch less than twice the centre 
height. 

15 Base. All motors to be held down by four bolts. Bolt holes to be 
drilled one-sixteenth above size of bolt required. Bottom of motortobe planed 
parallel with the shaft of motor. It is further recommended that the bolt | 
holes be placed ina configuration of constant proportions, preferably in a 
square, and that the dimensions of this configuration be made a function of the © 

horse-power divided by the speed, and further that all dimensions be given in 
the nearest higher one-fourth inch. The feet of the motor should extend be- an 7 
yond the body sufficiently to allow for drilling and reaming of dowel pin-hole | = 


whi ile motor is in place. 
DISCUSSION AT NEW YORK Sr 


HARLES Fatr.' It is disappointing that so many of the tool 
ders fail to take advantage of the increased production which 
ild result from proper attention to convenience of control. 
‘re are many cases where the tools are so arranged that the control 
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Jeneral Elec. Co., N. Y. 
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might easily be damaged by trucking, etc., and sometimes the contro! 
is placed 40 or 50 feet away from the motor, necessitating considerah|. 
useless wiring. Others often place the operating handle in such a 
position as to make a back-breaking job for the operator. 

For electrical reasons it is of course not practical to build motors 
with a ratio so great as 15 to 1, nor can I agree with Mr. Eberhardt 
that such a large ratio would be desirable or necessary for a large ma- 
jority of the work. The standardization of speeds and principal 
dimensions is not impossible, but that the tool builders would be 
satisfied with any standard is not at all probable, inasmuch as 
there is a decided difference of opinion among them as to both speeds 
and shapes of motors. 

An unfortunate circumstance which often surrounds discussions 
relating to electrical apparatus for tools is a lack of knowledge on 
either side of the limitations and requirements of the other. Much 
of the trouble which tool builders are experiencing today could 
be eliminated were they to discuss their difficulties more freely with 
men who are conversant with both sides of the subject. 


A. L. DrLEguw. Generally speaking, the machine tool builder does 
not know to what purpose his product will be applied by the consumer. 
It is true he knows in a general way that a lathe will be used for turn- 
ing and adrill press for drilling, but he has no knowledge of the methods 

_ employed in the shop where his product is to be used, nor whether 
his machine will be used for general work or for some special opera- 
tion. The machine may never be called upon to work up to its maxi- 
mum capacity, and yet it may be called upon to do this all the time. 
If the machine is to be supplied with a motor, the only safe thing is 

_ toattach a motor of sufficient capacity to run the machine all the time 

up to its maximum output. Even if it is known that the machine 
will be used for light work by the man who buys it, yet it may some 

time come into other hands and be used for entirely different pur- 
poses. Hence, unless the machine is supplied with a sufficiently large 
motor, the design may be condemned at some time. 

It is true that in general machine tools do not operate at thieir 
maximum capacity or even at the rated capacity of the attached motor 
more than one-third to one-fifth of the time, so that in the majority 
of cases a much smaller motor can be used than would be required if 
the machine were constantly working at full capacity. However, the 
machine tool builder has no guarantee that this general rule will 
apply to his machine. The tendency nowadays is to specialize in the 
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use of machine tools and to subdivide operations in the shop. Whereas 
a few years ago it was the custom to give a shaft to some lathe hand to 
be turned and let him finish all operations on this shaft, preferably in 
one setting, now it is more common practice first to rough a lot of 
shafts, then finish them in a subsequent operation, and then perhaps 
grind them for a final finish. Wherever it is possible to do so, these 
operations are again subdivided. 

The subdivision of operations, when carried out to its limit, 
makes operations in the shop extremely simple, requiring no adjust- 
ments of feeds or speeds while a lot is run through the machine, and 
calling for only a single tool. Where operations are carried through 
in this manner it is often possible to make them continuous. By this 
is meant that the process is so arranged that both machine and man 
are working all the time, or at least practically so. The vertical 
milling machine, for instance, in milling flat surfaces, may do so with 
the use of a rotary table and a multiple fixture mounted on this table, 
whereby it becomes possible for the operator to load and unload one 
piece while the cutter is acting on another piece. In this case the 
feed is adjusted to such a rate that the operator has just time enough 
to load and unload while the cutter passes over one piece. Where the 
piece is so small that the time for cutting is materially less than for 
loading, more than one operator may be used on such a machine; 
where it is much more than for loading, one operator may attend to 
two or three machines. In all cases the highest attainable economy 
is reached when both operators and machines are working all the 
time, and the rate of work should be such that the machine can 
keep it up without breakdown, and the tool not need an excessive 
amount of regrinding, nor the operator be fatigued by too rapid 
work. 

Though the example given above is perhaps the most perfect 
application of this system of continuous operation and though rotary 
fixtiires cannot always be applied, there are various means by which 
this same degree of efficiency can be approximated. The table of the 
millmg machine may be given a reciprocating motion, either auto- 
matically or by the hand of the operator, at the end of each cutting 
stroxe. In this case two fixtures are used. Again, a single fixture may 
be uced with two loading fixtures,which can readily be clamped in the 
stationary fixture on the table of the milling machine, so that only a 
ver’ small amount of time is lost between cutting operations. The 
rela ve cost of labor and machine burden would determine whether 
it would be better to slow the feed down so as to give the operator 
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time to load a fixture or whether two operators should be employed 
for one machine. 


The same degree of efficiency can often be reached in lath: 
operations by providing the operator with two mandrels and dog- 
~ and shading the cutting operations down to a point where the time o| 
cutting is just slightly longer than the time for removing a piece from 
one mandrel and loading a new one. Heré again two operators may 
be employed or one operator may run two machines. There are many 
cases where the time of the cutting operation is considerably longe: 
than the time required for preparing a new piece for the machine. 
In such cases it may often be found advantageous to divide the cutting 
operation into two parts so as to have the time for cutting more near]) 
equal to that for loading. In a similar way, efficiency on the grinding 
machine can often be reached by grinding in two operations, one 
rough and the other for finish. Drilling also lends itself in many cases 
(o the application of this plan, especially where gang drills are used. 
The application of this principle of keeping both machines and 
operators busy all the time at their maximumefficiency leads to many 
interesting problems in the machine shop and could be carried very 
much further than is done at the present time. The application of 
this system, however, imposes much heavier duty on the machine 
~ tool, and would not allow, therefore, of applying to such tools motors 
which have been rated on the assumption that they will not be ealled 
upon for more than two hours continuous service. 


Cart G. Barry. The various advantages of motor drives over 
belt drives have been thoroughly and ably set forth, but T cannot let 
eo unchallenged the claim of closer speed regulation. 

While speed controllers of motors are frequently arranged to 
zive successive speeds varying nominally by as little as 5 per cent, 
the variation in speed consequent on a variation in load is so great 
as to make it practically impossible to tell beforehand what controller 
point must be used to insure a predetermined cutting speed for agiven 
piece of work, as required by the most advanced shop management 
of today. 

As an exponent of such management I have therefore been forced 
to remain an advocate of belt drives in preference to individual 
motor drives; for if a belt is properly cared for and not required to 
transmit an undue amount of power, its speed variation with load 
variation is only a fraction of that of an individual motor under the 
same conditions. 
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This does not mean that I never advocate individual motor 


drives, for frequently the real advantages of such drives are so great 
as to outweigh entirely the consideration of the greatest constancy of 
speed. I hope the time is not far away when motors will be built at 
a reasonable cost that will be so nearly constant in speed at all con- 
troller points, regardless of load, that they will possess incontrovertibly 
all the advantages claimed for motors in the papers before us. 

In fact, 1 have recently learned of a company that expects soon 
to put on the market a line of 3-to-1 adjustable-speed motors with no 
greater variation then 4 per cent in any part of the entire range of 
speeds and loads. If these motors actually materialize, a great step 
will have been taken towards the millenium of the machine shop 
engineer vitally interested in cutting speeds. But nothing is yet in 
sight that promises entirely to replace the belt. 


Joun Rippeu.. Ball bearings are undoubtedly very valuable, but 
nothing has been said about the quantity of belts required to go with 
lineshafting in an establishment like the General Electric Company. 
[ pointed out in my paper by very conservative figures that had we 
continued putting in lineshafting, countershafts, hangers and belts, 
we would use approximately 63 miles of lineshafting, about 4} miles 
f countershafts, 21,225 hangers, and about 803 miles of belts. These 
figures were based on 8500 machine tools. We have in addition to 
this number possibly 2000 other machines, most of which are driven 

y motors. These would require many additional feet of shafting ana 

elts, and a great many more hangers or roller bearings. We know 

om many years experience that the upkeep and attention required 

y such material are very great. 

Machine tool builders seem to think that every electric motor is 
made for some machine tool, whereas less than 3 per cent of the motors 
turned out by the General Electric Company are used for this pur- 

ose. If the tool builders would standardize their tools so that the 

ame motor would do for the same nominal size of lathe, milling 
iachine, or any other machine tool, the results would be more satis- 

actory. It would be useless for us to undertake to standardize 70,000 

r 80,000 motors when only about 2000 of them would be used for 

lachine tools and these widely distributed over many types. It 

‘ould not pay any concern turning out electric motors to attempt to 
‘tan lardize for machine tools, especially since they are rapidly being 
hanged and developed. Many machine tools are made to double the 
work today that they did a few years ago, and had motors been stan- 
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ardized then they would have undergone constant changes. I speak 
from the standpoint of the middleman, being partly an electrician 
and partly a mechanician, and knowing the difficulties from bot! 
sides. 


H. A. Hornor.' In a plant which requires a number of tools o! 
large size for operating blacksmith, plate, angle, forge, pattern and 
joiner shops, the machine shop bears a less important relation to the 
total power consumption. For the operation of this class of tools 
constant-speed motors with heavy starting torque, capable of with 
standing prolonged overloads, are satisfactory, as the work does not 
require close adjustment of speed. With an ample power supply 0! 
alternating current the losses are reasonably low and are due in larg: 
part to the variation of the product. Under these circumstances 
the induction motor can be used with great economy. It is thrown on 
the line and reversed with a simple knife switch, requiring no starting 
compensator and permitting quick stopping and reversing. Thy 
induction motor, if substantially designed, will withstand all the shocks 
which severe duties demand and will cause little trouble or expense. 
A 50-h.p. squirrel-cage induction motor has operated a jogging ma- 


chine for ten years with no other attention than the oiling of the 


bearings. The plant with which Iam connected was equipped with: 
induction motors at the time when the individual motor drive was 
an experiment and it may be conservatively stated that after a 
decade it has fulfilled every promise which its advocates claimed at 
its installation. 


W.5S. Cuase.2 With reference to the statement in Par. 82 of Mr. 
DeLeeuw’s paper that variable-speed motors should always be used 
with screw machines, our company has had on the market for two 
years an automatic screw machine, usually driven by a single belt, 
all the speeds necessary for the production of any part being controlled 
within the machine beyond the point of application of power. lor 
electric drive it is merely necessary to supply a motor instead of a belt 
and the motor may be of any type, alternating or direct-current, of 
any standard make, and of constant speed. We believe that we 
were the first to adopt this self-contained single drive on the auto- 


- matic screw machine, although similar machines have recently been 


placed on the market. 
1 New York Shipbuilding Co., Camden, N. J. - 
? Manager of Sales, National-Acme Mfg. Co., Cleveland, Ohio. _ 
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CLARENCE L. CouuEns, 2d.' I will limit myself exclusively to 
adjustable-speed direct-current motors and certain phases of their 
use in manufacturing machine shops, where the variable-speed 
machine tool plays an important part in the process of manufacture. 

Flexibility of Speed Control. In order to deal with definite 
figures instead of general statements Table 23 is submitted. This 
table is intended to give an idea of the average speed adjustments 
possible with belt-driven tools, or with gear-box-driven tools using 
constant-speed motors. By belt-driven tools is meant tools having 


TABLE 23 SPEED CHANGES ON TYPICAL MACHINE TOOLS 


Gear-Box Types vus- 
ING CONSTANT-SPEED 
Morors 


Bevt-Driven Cone 
7’ SPINDLE SPEEDS OR Putiey Types 
CUTTING STROKES 
Per. Min 


Total Range Ratio no. percent no. percent no. percent no. percent 


Engine Lathe. ...... 3.5-350 1: 2 s 

Engine Lathe,........ 10-360 1:56 10 48.9 24 16.9 8 66.8 12 38. 
Radial Drills........... 20-520 1:16 S is. 6 16 20.3 12 28.6 24 12.8 
3PJain Miller ... 12-360 1:30 2 36.2 22:2 8 626 (18 22.3 
. Vertical Boring Mills. 2- 60 1:30 10 #49 %2 10.6 10 45.9 (15 27.3 
Crank Shaper... : 6- 96 1:16 s is 6 8 48.6 8 486 10 36 
Drill Press... . 12-300 1:23 8 


rige percentage jump at each speed change |. . 


rage percentage which cutting or peripheral 
yecds must necessarily be below maximum if 
acl tool is doing a large range of miscellaneous 


ne pulleys for speed control. 
thatotal range of spindle speeds or cutting strokes, indicated for 


Six representative tools are shown, 


ch, which I believe not only represents a fair average of the speeds 
r which such tools are now designed, but also fully covers all the 
quirements of the class of work for which each is intended. In : 
e cause of the lathes, two different ranges are shown, as it is hard to 


ve a single ratio which will fairly represent all makes and classes, 


President, Reliance Elec. and Eng. Co., Cleveland, Ohio. — 
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Under both the belt-driven tools and the gear-box tools, c«!- 
umns A and B represent, respectively, the minimum and the maximus) 
number of speed changes found in standard tools of the types shown, 
In each case both the number of changes and the percentage Jump in 
speed at each change are shown, assuming that the speeds are in 
geometrical progression. The average practice is more nearly repre- 
sented by column A than by column B. In some cases the maximum 
number of speed changes for the belt-driven tools is greater than for 
the gear-box types, due to the use of countershafts arranged for two 
and in some cases three speeds. 

Compare the figures indicated in the table with the results 
which can be obtained by using adjustable-speed clirect-current motors. 
With the speeds in geometrical progression and a controller having 
20 contact points for speed adjustment, the jump in speed between 
each step for motors with 1:2, 1:3 and 1:4 speed ratios will be 3.7, 6.0 
and 7.6 per cent respectively. With the armature-shifting type of 
adjustable speed-motor there is of course no jump, the speed change 
being continuous. 

From this definite comparison it is almost self-evident that there 
will be many conditions of work under which the use of the ad- 
justable-speed direct-current motor will result in an increase in the 
productive capacity of the machine tool of at least 5 per cent, and in 
many cases 10 per cent, as compared with any form of group or con- 
stant-speed gear-box drive. In many cases the greater accuracy of 
speed adjustment will in itself produce such an increase, and when 
there is added the greater ease and convenience of making the speed 
change, the probabilities are more than doubled. 

In large manufacturing machine shops using specialized tools 
and limiting each too] to practically single operations with very little 
change in the size and character of the work on each tool, the question 
of accurate speed adjustment is of lesser and in some cases of no im- 
portance, but this is not true of the medium-sized or comparatively 
small plants. In such plants there is not enough work of any one 
character to justify a specialized tool, and in consequence each tool 
of the variable-speed variety is called upon to work continuously 
over a wide and miscellaneous range of work. Does a 5 per een! i- 
crease in productive capacity justify for work of this character the use 
of the individual adjustable-speed motor? 

In a small or medium-sized manufacturing machine shop, the 


average maximum power requirements per tool will usually run well 
under 5 h.p. Taking 30 cents per hour as the average rate of pay «ud 
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30 cents per hour as a fair and probably low overhead charge per tool, 
the total expense per tool per year of 3000 hours amounts to $1800. 
Using this figure, 1 per cent increase in productive capacity means an 
annual saving of $18 per tool. 

Kven taking into account the much lower capacity per tool of 
the group-drive motor, the difference between the cost of any form 
of group-drive installation and the individual-drive adjustable-speed 
motor, including the cost of mounting on the tool, will in some cases 
he as low as $200 per tool and will rarely exceed $350 per tool in a 
plant of the size under consideration. Assuming 15 per cent as the 
rate of interest and depreciation, an increase in productive capacity 
of from 1.7 per cent to 2.9 per cent will capitalize the additional in- 
vestment, and from 11 to 20 per cent will pay for it in one year. 

Iiven assuming that the plant rents power from some central 
station and is on the outskirts of a city where only alternating current 
is available, the additional cost of the motor-generator set will run from 
$30 to $60 per tool, depending on the size of the plant and the number 
of variable-speed tools. With the 5-h.p. maximum motor capacity 
per tool, the generator capacity will be about 2 kw. per tool. An in- 
crease in productive capacity of from } to 4 per cent will capitalize 
the motor-generator investment and from 2 to 3 per cent will pay for 

in one year. 

The total additional cost of the direct-current motors and gen- 

‘ators, even taking the maximum figures given, will thus be capi- 
talized by 3} per cent increase in productive capacity. Five per cent 
crease in output means a saving equal to practically 25 per cent of 
the additional cost of the investment, whereas 10 per cent pays for 
the change in two years. 

These figures are well within the possibilities of attainment. 
is assumed, however, that the plant is crowded for work and 
in a position to sell the additional output. This is a fair assump- 
on, as | believe a plant which is not working full capacity would not 
e apt to consider any change in its power equipment. As Mr. 
’Leeuw has said, an increase in the amount of chips per hour is a 
iore Vital factor than any relative saving or loss in different methods 
{ transmitting power. 
Ratios for Direct-Current Adjustable-Speed Motors. In 
ppendix No. 3 of Mr. Robbins’ paper, he has in all cases shown 1:3 
s the ratio for adjustable-speed direct-current motors. I agree with 
Ir. Robbins that this will probably become the ultimate standard 
vv ‘nany classes of machine tools, but I do not feel that it will ulti- 
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mately become the standard for all classes, nor does it lend itself 
entirely to current designs. 

The choice of the proper speed ratio for an adjustable-speed 
motor resolves itself into a very careful study of the ratios of the dif- 
ferent gear changes for which the tool is arranged. In the case of 
engine lathes a motor of 1:3 or even 1:2 speed ratio is usually wholly 
satisfactory, due to the fact that more attention has probably been 
given to the application of motors to lathes than to any other tool, 
and in the designs of motor-driven lathes there are always a sufficient 
number of gear changes so that the jump in speed between gear 
changes is rarely more than 200 per cent and is therefore completely 
covered by an adjustable-speed motor of 1:3 speed ratio. This also 
applies to millers, radial drills, boring mills, etc., with double instead 
of single back gears. 

There are, however, a large number of tools, including many 
millers, boring mills, radial drills, drill presses, shapers, etc., which when 
belt-driven have merely a cone pulley and a single back gear. When 
an adjustable-speed motor is applied to such a tool, as a rule it merely 
takes the place of the cone pulley and no change is made in the back- 
gear ratio, which is seldom less than 1:4 and is in many cases greater 
than 1:6. In consequence, there are many tools on which the use of 
motors with 1:4, 1:5, or 1:6 speed ratios is not only wholly practical, 

is more economical from an operating standpoint in all cases 
vhere accurate speed control is in any way essential. Unless a motor 
ised whose range of speeds has the same ratio as the back gear, 

‘re will be a jump or gap of greater or less magnitude right in 

‘center of the entire range of spindle speeds. It seems illogical 

provide close speed adjustment over part of the range and not to 

)vide it over all. 

lake a tool with eight spindle speeds in geometrical progres- 

i from 20 to 320 r.p.m., obtained with a four-step cone pulley and 
1 single back gear. Without going into the theory of geometrical 

ies, the ratio from the first to the fifth speed in this series is prac- 

ally 1:5. This fixes the ratio of the back gear for the cone-pulley 
pe of tool. If a 1:3 motor is used with this same back gear, the 
eds obtained are 20 to 60r.p.m. with the back gear in, and 100 to 

0 r.p.m. without the back gear, leaving a jump of 67 per cent be- 

ecn the two series. As speeds below 40 r.p.m. and above 200 r.p.m. 

> probably not used more than 10 per cent of the time, this means 

important break in the center of the active range. This jump may 
not look very serious with a 1:5 back-gear ratio, but in many cases 
the ratio is 1: 6, meaning a jump of 100 per cent. 
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In this same case a 1:5 motor would give speeds from 13. to 
64 r.p.m. with the back gear in, and from 64 to 320 r.p.m. without 
leaving no jump or break in the entire range. A still more satisfactory 
arrangement would be obtained if the tool manufacturer changed 
the ratio of his back gear from 1:5 to 1:4 when furnishing hisstandard 
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Fig. 41 ARMATURE-SHIFTING Moror AppLIED TO A PLANER 


tool with motor drive. If this is done, a motor with 1:4 speed ratio 
is Just as satisfactory as the 1:5 motor, gives an unbroken range of 
_ spindle speeds, and is less expensive. The range of spindle speeds then 
becomes 20 to 80 r.p.m. with the back gear and 80 to 320. r.p.i. 
without. 
I would not make this criticism if the machine tool manul:c- 
turer made a practice of changing the ratio of his back gear when !\ir- 
nishing certain standard belt-driven types of tools equipped for drive 


by an adjustable-speed motor. 1 are many tools with sinzie 
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back gears whose total range of speeds is 1:16 or slightly greater and 


to which the addition of a second gear change for motor drive would 
add unwarranted expense. In most cases a change in the ratio of 
the back gear would add practically no expense, would simply mean 
a few additional stock gears for the manufacturer, and would make 
a motor-driven unit which is much more satisfactory to the purchaser. 
A motor with at least a 1:4 speed ratio should be used on these tools. 

A motor of at least 1:4 speed ratio is also desirable on any 
variable-speed tool which, when belt-driven, is provided with no 
back gears. Slotters and some types of bolt machinery come in this 
class. 

On certain specialized tools a consecutive range of spindle 
speeds with graduations not exceeding 5 per cent is not always neces- 
sary. Take for instance a driving-wheel lathe, used almost exclu- 
sively on two diameters of work, the outer tire and the finished spots 
on the axle for the bearings. A single back gear, taking into account 
the difference in the diameter of the axle and tire, as well as the dif- 
ference in the materials of which these are made, and a motor of 1:2 
speed ratio would be wholly satisfactory,.even though this left a 
break of over 200 per cent in the center of the entire range of spindle 
speeds. 

Applying Motors to Old Belt-Driven Tools. Another field for 
a motor of at least 1:4 speed ratio is in conversion to motor drive of 
old belt-driven tools. The majority of these have merely single 
back gears and the ratio is rarely less than 1:6. In changing many 
such tools for motor drive, especially the smaller and medium-sized 
machines, it is not only simpler but in many cases less expensive 
to use a wide-range motor rather than to install additional gear 
changes. 

Types of Adjustable-Speed Direct-Current Motors. ‘There are 
two distinct types of adjustable-speed direct-current motors used for 
whine tool work, both operating on the same final principle, namely, 
‘increase in speed of a direct-current motor with any decrease in the 
ength of the magnetic field within which the armature rotates. In 

type the strength of the magnetic field is varied by the use of 
istance in the field circuit, and in the other the magnetic reluctance 
the magnetic circuit is changed by sliding a slightly cone-shaped 

ature laterally away from its normal position directly beneath 
main poles. 


"he characteristics and advantages of the armature-shifting type 
notor for machine tool work are briefly as follows: 
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-_ @ No resistance controller is required. The speed control is 
mechanical, obtained by turning a hand wheel, an oper- 
ation with which the machinist is thoroughly familiar 
This hand wheel can be located at any point convenient 
to the operator. 
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6 The speed control is a distinct and separate operation from 
% the starting, stopping or reversing of the motor. Two 
are derived from this: (1) automatic-type 
at starters can be used, taking entirely away from the 

“ - machine- tool operator all electrical control of the motor 

and all possibility of abuse to motors, starting equipment 

on meg controllers; (2) when the speed is once set, the motvr 

— can be started and stopped as often as is necessary ‘v 
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- ealiper work or sharpen tools without affecting the speed- 
setting. In the case of unskilled operators, the speed 
can be set by a speed boss and cannot be tampered 
with. 
c A continuous speed-change is obtained instead of jumping 
by steps. 
d The field distortion due to full-load armature current is 
practically no greater at high speed under weak magnetic 
_ field than at low speed under full magnetic field, due to 
the fact that under decreasing magnetic field the magneto- 
motive-force remains constant, the air-gap length is in- 
creased and the air-gap area decreased. Satisfactory 
commutation is therefore obtained over wide speed ranges 
and is still further augmented for heavy overloads by 
the use of interpoles. 

e Wide speed ranges are secured without excessive cost. These 
are very often found valuable in applying adjustable- 
speed motors to machine tools having single back gears, 
or in converting to motor drive old belt-driven tools. 

Methods of Applying Armature-Shifting Motors. The conveni- 
ence of speed control with a field-resistance drum-type controller 
has been well illustrated and is always important from an operating 
standpoint. Equal convenience can also be obtained in the arrange- 
ment of the mechanical speed control of the armature-shifting type of 
adjustable-speed motor. Fig. 40 shows a 30 in. by 24 ft. engine lathe 
with the mechanical speed control operated from the crank handle at 

right of the lathe apron, the connection to the motor being 
ained by means of a splined shaft running along the lathe bed. 
A second splined shaft operated by a hand wheel, also at the lathe 
apron, controls the full-reverse drum-type starter seen on the right 
the end of the lathe bed. The two operations are therefore 
arate but are both controlled from the same point. Fig. 41 shows 
atisfactory and convenient method of controlling the speed where 
motor is mounted high on the machine tool. This is done by 
leans of a pendent chain similar to that used on chain hoists. 
ig. 42 shows a high-speed drill press with the hand wheel for 
chanical speed control brought to a point within easy reach ot 
operator at all times. 
‘onelusion. No one type of drive entirely meets all the varying 
ditions which are found in machine-tool operations. There are 
iy cases where I would recommend belt drive or speed-box drive 
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with either group or individual constant-speed motors. Other condi- 
tions require adjustable-speed direct-current motors with field-resist- 
ance control, while in many others the mechanical speed contro! 
obtained with the armature-shifting type adjustable-speed motor offers 
advantages which cannot be obtained with any other method o/ 
machine tool drive. 


The authors desired to present no closures.—Epiror. _ 
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THE TESTING OF WATER WHEELS AFTER 
INSTALLATION 


— _ By Pror. C. M. ALLEN, WorcesTER, Mass. 
aw Member of the Socicty 


In the last few years there has been a growing demand for brake 
tests of water wheels after installation, the object being to determine 
the horsepower and in many cases the efficiency of the wheels, under 
actual running conditions, as well as to ascertain whether the wheels 
ire up to their guaranteed rating. 

2 The Holyoke testing flume is the only place in the United States 
vhere commercial tests of water wheels are made. For purposes of 
comparison under similar conditions, these tests serve their purpose well 
and their influence has been great in the development of the modern 
efficient turbine; but however well a wheel may show up under a test 
‘oO made, it may or may not give equally good results after installa- 
tion. That depends entirely upom the kind of wheel, conditions 
of setting, and requirements of performance. 

3 If the wheel is given a good setting and is allowed to run at the 
proper speed under a head suited to the design, then it will perform 
its rated work, which can be accurately computed from the original 
tests made at Holyoke, provided the wheel is not too large for the 
testing flume. This flume was not designed to test the largest of our 
modern turbines, nor is it suitable for testing high-head turbines. 
If the wheel is not given a fair setting and is required to run at too 
high a speed (which seems to be almost universal practice), it will fall 
down on both power and efficiency, the drop in each depending upon 
the departure from the normal conditions. 

4 The efficiency of water wheels under actual working conditions 
has a very direct bearing upon the conservation of natural resources, 
and every inducement should be offered to keep that efficiency high. 


Presented at the Boston meeting, April 1910, of Tax American SocreTy 
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If by increasing the efficiency, even by a small percentage, we are 
able to get more power from the same amount of water used, this 
clearly has a direct bearing on the question of conservation. 

5 The water wheel as it is leads all other prime movers in 
efficiency. It has at least three times as good an efficiency as the 
steam engine, gas engine or steam turbine under ideal working 
conditions. There is, however, an important difference between 
coal and water considered as sources of power, namely, that i! 
water is not used for power and used efficiently, then that ‘power 
is lost forever. It is a case of use or lose. The coal not mined 
or used still remains for the years to come, but the water power not 
used at all or not used efficiently is gone. “The mill will never 
grind again with the water that is past.”’ 

6 There are many plants operated by water turbines that are 
from 10 to 15 per cent lower in efficiency than they might have been, 
had the proper kind of installation and setting been definitely known 
and used. It is, therefore, the desirability of determining the proper 
setting of the turbine, and the best speed of operation under actual 
running conditions, that has created, inalarge measure, the demand 
for brake testing after installation. 

7 The importance of having a water power developed and oper- 
ated with maximum efficiency needs no argument; yet of the several 
reasons that may be mentioned, one of the most important, though 
apparently not always considered, is purely financial. In the case 
of several typical hydro-electric installations, for instance, the cost 
of power house, dam, reservoirs, generators, transmission lines, etc., 
is over 90 per cent of the total, leaving less than 10 per cent for the 
wheels; but upon the performance of the wheels, depends to a large 
extent the income from the entire installation. Any increase in the 
efficiency of these wheels means a direct gain in the power output, 
and this means, or should mean, not only bigger dividends but also 
a probable saving of coal somewhere. Wheels have been tested in 
the last few years in several plants where the difference between the 
guaranteed efficiency which should have been obtained, and the 
actual efficiency due to poor settings, was enough to make the differ 
ence between a good paying investment and one that did not pay 
at all. 

8 When wheels are installed in hydro-electric stations, and appar- 
ently do not show the power and efficiency guaranteed, the question 
naturally arises, why should a brake test be thought necessary? 
This may be answered in several ways. In the author’s opinion, «1 
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electrical test properly conducted should be sufficiently accurate and 
reliable in determining the output of the wheels. The reason for 
making a good many brake tests in the past has been to settle dis- 
putes between the hydraulic power and the electrical interests, rela- 
tive to the guaranteed operation of the plant. The majority of water 
wheel builders in this country are not willing to abide by the results 
of an electrical test unless the wheels show up to the guaranteed power 
by such tests. The generator manufacturers are also unwilling to 
assume that the generators are low in efficiency, or that their testing 
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apparatus is unreliable. The use of the brake for actually determin- 


G. 1 60-1IN. Four-Disc DyNAMoMETER; Capacity 3000 H.P. AT 200 R.P.M 


ng {he horsepower-output of the wheels at the generator coupling is 
satisiactory to all parties concerned, for the simple reason that the 
pparatus is very much less complicated and more easily understood. 
Moreover, the accuracy of the brake can be determined on the ground 
whi! under test, as the calibration of the machine can be made at 
that ‘ime, and there is no possible chance for a serious error. In other 
vords, the brake test is the simplest, most accurate, and most direct 
lethod of measuring power, and is universally recognized as the 
standard. 

9 In making electrical tests there are many more chances 
for errors to creep in than in makingthe brake tests. Ordinarily 
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several electrical instruments are needed which should be carefully 

calibrated before and after tests. These are liable to become changed 

‘in transit to the station. Many times they are used under different 

- conditions of temperature, of magnetism, of connection, ete., than 

when calibrated, and the total results are liable to error on account 

of the number of instruments to be read, thus bringing in errors 
which may be more or less cumulative. 


10 There is another reason for making brake tests rather than 
electrical tests at the present time, which is purely a human one. 
It is that no one but an electrical engineer, or some one with consider- 
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lig. 2. ASSEMBLY DRAWING OF 28-in. ALDEN ABSORPTION DyYNAMOMETER; 
Capacity 2000 u.p., 1800 R.p.mM.; Discs 


able electrical engineering training, can understand the method 
por on a complete electrical test, while everyone interested in the 
plant can understand the method of the mechanical brake test. 
All parties interested can have their representatives on the ground, 
to check up all the measurements on the brake and calibrate the 
dynamometer exactly as it is used under running conditions, and so 
get with certainty the output of the wheels which is to be delivered 
to the generator. Furthermore, in order to determine the compl:te 
characteristics of the wheels under varying gate openings, and w tli 
any considerable variation in speed, it is not always practical to ‘se 


an electrical generator to furnish the load. 7 


| 


wl 
ae 


oil It was with the idea of meeting this demand that the Alden 
absorption dynamometer has been developed and built in large sizes. 
The principle of the dynamometer is so familiar that only a brief 
description will be given. It is a form of Prony brake, and usually 
consists of several smooth circular revolvable cast-iron dises (sce 
Fig. 2), keyed to the shaft which transmits the power; a non-revolv- 
able housing having its bearings upon the hubs of the revolving discs; 
and a pair of thin copper plates in contact with each cast-iron disc, 
the plates being integral with the housing. Through a system of 
piping, water under pressure is circulated through chambers between 
the units, each consisting of a dise and its copper plates, and between 
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Fig. SketcuH OF DYNAMOMETER SHOWING WORKING PRINCIPLES 


the outer plate at either end and the wall of the housing. The water 
ressure is regulated by hand or by an automatic valve. Another 
yvstem of piping circulates oil for lubricating the surface of the copper 
lates next to the revolving dises. In the large-sized machines, oil 
impelled by a belt-driven pump mounted on the housing, enters the 
iambers at the circumference and is forced along the radial grooves 
' the dises to the hub, and completes its circuit through hose connec- 
ions to the pump. 
\2) The power required to drive the pump is measured with, and 
luded in, the power of the dynamometer, for the pump is bolted 
the housing, and the driving tension in the belt which operates 
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the pump tends to rotate the housing in the same manner as does thx 
internal friction of the discs; this makes a calibration to determin 
power used by the oil pump unnecessary (see Fig. 3). 

13 When the dynamometer is in use, water passes through the 
chambers of the housing and between the several units of plates and 
dises, and by its pressure tends to force the plates against the sides of 
the revolving discs. This pressure increases the friction between th: 
dises and plates, and this friction offers resistance to the rotation o| 
the dises. The construction resembles that of a constantly :lipping 
friction dise clutch. The resistance to turning imposed by the friction 
plates and dises is balanced by the weighing apparatus. 


Fig. 4 Metruop or CoUNTERBALANCING UNDER Loap 


14 The power transmitted from the wheel under test tends to 
rotate the housing. This tendency is counteracted by the dead 
weights or platform scales, and the housing is kept from rotating, 
beyond prescribed limits, by stops on either side of a lever arm bolte:! 
to the housing. The weighing apparatus by which the power 
absorbed is measured is delicately adjusted on knife-edge bearings. 
There are two sets of lever scales, which may be called the outsic: 
and inside scales. ‘The outside indicates 1 h.p. for 1 lb. weight per 
100 r.p.m. The inside scale indicates 1 h.p. for 10 lb. weight per 
100 r.p.m. The outside scale serves not only to assist in balancin 
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the load—that is, to weigh it—but also to take the weight of the 
housings from the bearings on the hub of the revolving discs (see 
Fig. 3 and Fig. 5). 

15 It is possible to take from the bearings not only the weight of 
the dynamometer, but also the weight of the shaft. There have 
recently been made several tests on wheels developing over 2000 h.p., 
where the entire weight of the dyndmometer and shaft (about 13,000 
lb. total) was counterbalanced so nicely that the nearest required 
running bearing was that of the water wheel some seven feet away 
from the dynamometer. In other words, when the load was on the 
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Fig. 5 Auxitiary Metruop or CoUNTERWEIGHTING UNpER Loap 


dynamometer, it was as if it were placed on an overhanging shaft 
about seven feet fromthenearest bearing. This point is an interest- 
ing one in mechanics, and shows that the wheels tested in place can 
be given a fair treatment under test, in that no additional load due to 
the weight of the dynamometer is put upon the wheel bearings. 

16 To calibrate the dynamometer requires simply the deter- 
mination of the distance from the center of the shaft to the knife edge 
bearing of the lever rod, and the ratio of the overhead lever; and the 
standardization of the dead weight, if used directly, or of the platform 
scales. Besides this, it is necessary to determine the initial load on 
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the dynamometer due to the unbalanced effect of the piping, fittings, 
arms, stops, lever and scale pan. This should be done at the time o! 
test and with the apparatus as used. The usual method employed 
(shown in Fig. 7) consists in disconnecting the shaft coupling ani 


raising the dynamometer so that parallel irons can be placed under 
the shaft; by means of a strut under the knife edge on the end of the 
lever the correct weight of the initial load is then obtained by the 
use of platform scales. 
17 The largest dynamometer built at present consists of four 
—60-in. dises and has a power-absorbing capacity of 1500 h.p. at 100 
rnp.m., or about 3000 h.p. at 200 r.p.m. 


Fic. 6 DyYNAMOMETER RIGGED FOR TESTING 


18 The capacity of the dynamometer is limited by the amount 
of heat that can be transmitted through the copper plates. ‘I his 
depends upon the range of temperatures and the amount of the circu- 
lating cooling water. The capacity is also affected by the kind o! 
lubricating oil used. A cheap grade of cylinder oil has been found 
satisfactory. A system of forced lubrication is essential to smooth 
operation. 
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19 A series of tests has recently been made at the laboratories of 
the Worcester Polytechnic Institute to determine the relative heat- 
transmitting properties of copper sheets just as they are received from 
the rolling mill, and similar sheets electro-copper-plated. These tests 
were made with a view to increasing the capacity of the dynamometer. 
The apparatus used consisted of two double-disc Alden dynamometers 
with the rotating cast-iron dises removed (see Fig. 8). The dyna- 
mometers as tested consisted of an outside cast-iron casing and four 
copper sheets, with the necessary spacing rings. The dynamom- 
eters were identical in every way, except that in one the copper 
sheets were clectro-copper-plated. 


7 Metruop or Arter TESTS 
COUPLING DISCONNECTED, SHAFT RESTING ON PARALLEL BARS, UNBALANCED LOAD OF DYNA- 


MOMETER WEIGHED ON SCALES 

20 The dynamometers were set up so that the spaces normally 
vecupied by the revolving dises were piped to the steam main. Plugs 
were removed from the top and bottom of these spaces so that all 
air and condensed steam would be removed. Circulating water was 
supplied at the bottom of the casings and taken out at the top, both 
the circulating water and condensed steam being collected and 
weighed. Thermometers were inserted in the steam line next to the 
dynamometers and in the water supply line, also in the discharge of 
the circulating water and of the condensed steam. Several tests 
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were run on each, of five minutes’ duration. Table | gives results «' 


these tests. 


TABLE 1 RESULTS OF TESTS 


Electro-plated Copper 


> 3 
Plain Copper Sheets Sheets 


Average temperature of entering circulating water. 44 deg. fahr. 44 deg. fahr. 
Average temperature of exhaust circulating water. 100 deg. fahr. 100 deg. fahr. 
B.t.u. per sq. ft. per min. per 50 deg. differ- 

ence in temperature of circulating water 467 610 
Increase, in percentage 30.8 


21 ae results were all reduced to a common basis, yor ag i 


4 - containing the copper-plated sheets showed an increased heat 

_ transmission of more than 30 per cent over the untreated. A 

_ probable explanation of this phenomenon is that when the shects 

are electro-copper-plated, the copper is deposited in small globules 

5 and the actual surface not only is increased but is made rougher; this 

tends to mix up the water currents, bringing more new water in 
contact with the copper. 

22 In the actual operation of these dynamometers, the heat is 
_ generated on a thin film of oil directly against one side of the copper 
z the water passes over the surface on the other side, car ry ing off 

° the heat generated. It is a well known fact that more heat is trans- 

mitted through copper than can be readily carried off by the water, 

and any increase in surface in contact with the water gives a corre- 

sponding increase in capacity. As the capacity of these dynamo- 

-meters depends upon the heat-transmitting power of the copper 
sheets, it is clear that this capacity can be increased 30 per cent by 
the use of electro-plated sheets. 

23 Owing to the system of continuous forced lubrication, the 
dynamometers are capable of holding their maximum load for any 
length of time. A dynamometer recently used held a load of from 

- to 2300 h.p. during a series of tests on a pair of turbines of over 
eight hours’ continuous running. The reason for making so tony & 


in the canal above the turbines, and considerable time was required 
to allow conditions to become constant. It may be of interes! to 


_ nm was that the weir for measuring the water used was situated 
“note that this weir was standard, with end contractions, and was 
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73 ft. long. During the tests, when the wheel gates were wide open, 
the quantity used by the wheels required a head of 2 ft. on the crest 
of this weir. Long runs are also required when the current meter is 
used in measuring the discharge from the wheels. 

24 The largest power ever absorbed at one time by these dynamo- 
meters was 4100 h.p., developed by a pair of turbines under a head 
of 110 ft. at a speed of 225 r.p.m. These turbines were used to fur- 
nish power for a paper pulp mill. There were six grinders on either 
side of the turbines, making twelve in all. The grindstones nearest 
the turbines were removed, and two dynamometers put in their places. 
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25 The amount of work required to make such tests is compara- 
tively small, when the amount of power measured is considered. 
Two units of approximately 4000 h.p. were tested inside of three days. 

26 In pulp mills it is difficult to know how much power the wheels 
are developing. It is not always safe to base the estimate on quan- 
tity of pulp, as there are many variations in the conditions of stones, 
wood, ete. Hence quite a large percentage of brake testing of wheels 
has been done in grinder rooms. 

27 Several tests of large powers have been made in hydro-electric 
stations in which case the generators are set aside and the dynamo- 
metcr mounted on the wheel shaft, usually in — of the half coup- 
ling. 
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28 To give an idea of the actual running conditions sometim«s 
found, a test in one plant showed that the wheels were giving the 
power called for by the contract, but that if they had been run at 
200 instead of 225 r.p.m., the power would have been increased from 
2000 to 2300 h.p.; thus showing a waste of 300 h.p. and a correspond- 
ingly lessened efficiency. On another test it was found, that when 
the wheels were running at the guaranteed speed, the power and 
efficiency were between 30 per cent and 40 per cent lower than they 
should have been. Removing the entire load only slightly increased 
the speed. 

29 Many tests have been made which show that if the wheels are 
given a “‘fair setting, ’’ and the speed properly chosen, they will agree 
closely with the computed ratings made from the tests at the Holy- 
oke flume. One test of a pair of wheels, made after installation, 
agreed so closely with the computed results from the Holyoke tests 
of the individual wheels, that the curves showing the relation of the 
horsepower and efficiency to the speed-gate opening of the pair came 
between the curves of the separate wheels transferred to the same 
head basis. The term “fair setting’? means that the water should 

be brought to the wheel with a low velocity; the draft tube should 
be designed especially for the particular conditions, and should be 
air-tight; the wheels, if a pair, and center-discharging, should not be 

_ set too closely together; if a pair and outward-dischargin g, end supply 
should be avoided if a steel penstock is used; the shaft of the wheel 
should not be larger than necessary; the bearings should be kept in 
line, etc. The setting just described refers to open flumes or stee! 
penstocks and not to spiral casings. 

30 Incidental to the brake testing of water wheels, considera! le 

information has been obtained regarding the efficiency of large bevel 
gears, such as are commonly used in transmitting power from vertical 
wheels in low-head installations. About a year ago, a series of tests 
were made to determine: first, the horsepower delivered to the hori- 
= generator shaft from two vertical wheels; second, the horse- 
_ power of the individual vertical wheels. By subtracting the former 
from the sum of the latter, the loss due to the bevel gears and |war- 
_ ings was obtained. The tests were conducted in the above order so 
as to get the output at the generator coupling with gears running 
normally. Then the gears were removed and the individual vertical 
tests made. 

31 The total horsepower delivered to the generator was approxi- 

mately 700 (see Fig. 9 and Fig. 10). The driving gear was oi the 
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ordinary wood-mortise type, outside diameter 6 ft. 5 in. approxi- 
mately, with 68 teeth, 14 in. wide, meshing with a cast-iron pinion | 
which had 48 teeth with a planed tooth outline. At full load the — 
loss in the gears was 3.5 per cent and 3.4 per cent for two separate 
units, or the efficiency of the horizontal-shaft vertical-wheel pone 
drive was about 96.5 per cent. The gears were well lubricated with 
a thick grease. 

32 About nine months later it was necessary to test one of these 
same units in exactly the same manner. The loss in gears this time 


was a trifle less, the tests giving 3.1 per cent. As a matter of fact, 


ia. 9 Horizontat or VERTICAL WHEELS With Bevel GEARS 


the gears were running more smoothly at the last test, having had 

nine months more of service. When the first tests were made, the 
plant had been running less than a year. 

33 Besides this direct measurement of gear efficiencies, two sepa- 

| Tate ‘ests have been made within the past year, of two vertical Boyden 

whee's with the power measurements made on the horizontal shaft. 

These wheels had been in operation for over thirty years. The 

bevel gears (both the driving and the driven) were of cast iron in 

each unit. No brake tests were made on the vertical-wheel shafts but 
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the discharge from each was carefully measured over a standard weir 
by Mr. A. F. Sickman, hydraulic engineer tor the Holyoke Watc: 
Power Company. The best efficiency of the wheels at full gate, 
which in this case includes the loss of gears and bearings, was 83.5 
per cent and 83.7 per cent, respectively. 

- 34 Several similar tests have been made with corresponding 
evidence as to good « ficiency of the gears. In one plant, containing 
seven pairs of vertical wheels, where all the mortised wooden gears and 
cast-iron pinions had been in use for over fifteen years, these were 
still good, without having had even a tooth changed. 
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Fic. 10 Testina or VertTicaAL WHEEL (GEAR REMOVED) 7 


35 All of the information obtained concerning the loss due to 

S bevel gear drives, leads the writer to conclude that if gears are prop- 

erly designed, set up, and operated, and are not overloaded inter- 

pleeee or continuously or left to care for themselves, they should 
show an efficiency of from 95 to 97 per cent. 

36 Figs. 11 and 12 show two settings in which the wheels were 
tested after installation. The results of the tests, together with the 
results of the tests on the same wheels at the Holyoke testing flume, 
and reduced to a common head-basis, are givenin the curves, Figs. 13 

to 16 inclusive. 

37 The setting shown in Fig. 11 is for a pair of 36-in. wheels opera- 


ting under a head of 28 ft. at a a apeed of 200 r.p.m. The wheel: are 
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et 3.3 diameters apart and the draft tube changes from a circular 
to an oval cross section with a constantly increasing area, and dis- 
charges horizontally into tail-race. In this particular installation, 
the velocity of the departing water from the draft tube was found 
to increase materially the working head on the wheels. The results 
of the brake tests made after installation, as shown by the accompany- 
ing curves, checked with the Holyoke tests computed for the same 
head at full gate. It may also be of interest to note that the genera- 
tor tests made immediately following also checked with the brake 
tests. The difference between the two tests as shown in the curves 
at part gate openings is probably due to different methods of setting 
the gates under test. The full gate opening, however, was exactly 
alike in both cases. 

38 In the setting shown in Fig. 12 the wheels actually give a 
considerable increase in power over that computed from the Holyoke 
tests. This is probably due to two reasons, the first and most impor- 
tant being that the Holyoke testing flume is not designed to test 
wheels of this size; and second, that the setting is exceptionally good. 
The wheels are 48 in. in diameter and are set 4.25 diameters apart 
with ample space around the wheels in the casing and with well-propor- 
tioned center case and draft tube. The curves in Fig. 15 and Fig. 
16, representing the results of tests made on these wheels both at 
Holyoke and after installation, show that the best speed at full 
gate as computed from the Holyoke tests is about 182 r.p.m., 
and the best speed after installation 195 r.p.m. Comparison of the 
horsepowers at best speed shows an increase after installation of 
40 h.p., but if the horsepowers at 195 r.p.m. be compared, then there 
is an increase of 130 h.p. This apparently excessive increase in 
power is to a large extent due to the fact that the best speed after 
installation was 195 r.p.m., while from the curve of the Holyoke test 
the power at 195 r.p.m. has materially dropped off. 

39 The curves in Fig. 17 and Fig. 18 show the results of tests on 
a pair of 45-in. wheels under a head of 44 ft., with a normal speed of 
200 r.p.m. It is seen that the discharge increases with the gate open- 
ing but the power begins to drop off at 0.75 gate opening and re- 
mains contant from 0.9 to full, which accounts for the efficiency curve 
dropping off so rapidly. In this installation the wheels were set too 
closely together (less than three diameters apart) and the shaft was 
exc:ssively large. In accordance with data obtained from our recent 


tesis these wheels should have been set at least four diameters 
apart. 
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40 While the tests on the 48-in. wheels shown in Fig. 12 are the 
best example that we have of large turbines actually showing more 
power when tested after installation than that computed from the 
Holyoke tests, it is by no means the only instance of such results. 
Within the past five years there have been made over 100 complete 
brake tests of wheels at different plants in all of the New England 
States and most of the Eastern Atlantic States. Most of the leading 
makes of wheels have been tested in this manner, and under heads 
varying from 10 ft. to 200 ft. Information derived from this experi- 
ence confirms the following general statement: 

41 That the performance of low-head turbines of diameters up to 
about 36 in., as computed from the Holyoke tests, should be attained 
after installation; that turbines greater than 36 in. in diameter should 
show better results after installation than those computed from the 
Holyoke tests, the amount of difference increasing with the diameter 
of the turbine. 

42 There is still a vast deal of information needed concerning the 
behavior and proper settings of wheels after installation, before the 
subject can be put upon a good working basis, and it is hoped that 
enough points have been touched upon in this paper to call forth a 
goodly amount of discussion and reliable information that may be of 
value. 
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DISCUSSION 


R. A. Haue.' The Holyoke testing flume has furnished much 
valuable information in regard to the efficiency of wheels, but it has 
always been apparent that differences in efficiency occur, depending 
on the conditions of installation. No absolute knowledge can be 
obtained without an actual test of the wheels in position to drive the 
mill. The example cited by Professor Allen of a pair of wheels placed 
so close together that the discharges interfere is common where 
space is limited and the quarter turns are crowded together at the 
expense of efficiency. Other undesirable conditions may exist, such 
as high velocity in the penstock and a small wheel case leading the 
water in a much disturbed condition to the wheel. Another fault 
sometimes occurs in not having sufficient space in the raceway or 
pit under the wheel for the discharge, causing obstruction and loss 
of power. 
A most important and often-neglected point in connection with 
wheels is the proper design of the draft tubes connected with the 
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discharge. They are often placed in some available space without regar«| 
to its size,or direction. With wheels set on a horizontal shaft, as is 

customary at the present time when possible, long tubes are neces- 
sary. Sometimes these are installed with a uniform diameter and set 
vertically so that the water striking downwards on the bottom of 
the pit has to turn a right angle to leave the wheel. Examples of 
this method exist in what are considered model mill plants. 

The most efficient forms of draft tubes illustrated in Professor 
Allen’s paper are those shown at an inclination and discharging in 
the direction of the current, with a gradually enlarging area of 
tube from the inlet to the outlet. The velocity of the water leaving 
the wheel outlets is necessarily very high and with the enlarging 
area the velocity may be reduced, with a decided gain in the head 
derived from the reduction in the velocity of the water leaving the 
outlet of the tube. The amount of inclination of the tube from the 
vertical must be considered, and one case comes to mind where the 
inclination is such that when the wheels are run at part gate a large 
percentage of the effect of the draft tube is lost, as shown by the read- 
ing of the vacuum gages at the center of shaft. At full-gate opening 
a loss exists, but is not so serious. The inclination of the draft tube 
to a vertical line through the center of the shaft in this particular 
case exceeded 60 deg., and was set to avoid removing considerable 
masonry. Although no fixed rule of inclination or curvature can 
be stated, it would appear from various cases noted that the inclina- 
tion should not exceed 45 deg. and all abrupt changes in direction 
should be avoided. The outlet of the draft tube should be submerged 
sufficiently to prevent air from entering and destroying the vacuum 
and the elliptical form of outlet as indicated in Professor Allen’s 
sketch provides area without the necessity of deeper excavation, which 

a cylindrical tube would require. At Lawrence a slight modification 
has been used to obtain additional area by building in a rectangu- 
lar concrete outlet extending beyond the end of the draft tube. It 
has been the practice to ascertain the height of water as compared 
with the tail race and, when unreasonable loss is indicated, a leaky 
packing box or some similar condition is looked for. These gage 
per would correspond to the indicator cards of an engine in re- 
gard to discovering losses. 

Our theoretical knowledge of draft tubes, however, is very 
limited, and the necessity exists for a series of experiments embracing 
various forms and inclinations of draft tubes, which would give exact 
knowledge of the best form and the conditions in which they should 
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be used. A series of vacuum gages attached at various points on the 
tube, or a water column shown by a glass tube, the upper end con- 
nected with the draft tube and the lower end with the water in the 
tail races, would show what conditions exist in various portions of 
the tube. A series of experiments in connection with brake tests on 
a wheel at the same time would add much to the knowledge of the 
efficiency of wheels and draft tubes. 

One other point that suggests itself is the importance of the rela- 
tive velocity of the wheel, or the ratio of the velocity of a point on 
the circumference of a wkeel, to the velocity due the head of water. 
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Fig. 19 VARIATION IN EFFICIENCY WITH RELATIVE VELOCITY 


By reference to the curves given in Fig. 14, it will be noticed that 
there is a speed where the maximum power is obtained, and a fall- 
ing off in each direction from this maximum. It is important, there- 
fore, to select a wheel that shall run at the proper speed to give 
the maximum efficiency for the head under which it is to act. For 
this purpose the average head that exists most of the time would be 
selected. Under ordinary variations the percentage of loss is not ex- 
cessive, but when great variations occur the efficiency is reduced 

‘terially with a constant speed. 

Fig. 19 shows experiments made at the Holyoke testing flume on 
a 48-in. McCormack wheel, the horizontal scale representing the rela- 
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tive velocity and the vertical scale the efficiency of the wheel by the 
brake test. It will be observed that with relative velocities of from 
60 to 75 per cent there is but slight variation in the efficiency. 
As the relative velocity increases beyond this point the efficiency 
falls rapidly. When at a relative velocity of 1.02 the efficiency is 
about 39 per cent, and at about 1.13 relative velocity there would be 
no efficiency. Such a curve is characteristic of this type of wheel. 
‘Fig. 20, the practical application of this curve, shows the net horse- 
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Fic. 20. VARIATION IN PowER DEVELOPED WITH CHANGE IN HEAD 
power availabie from 1000 gross horsepower of water with beads fron: 
34 ft. to 11 ft., assuming the speed of the wheel constant and the gate 
to the wheel wide open. The efficiency of the wheel is assumed as that 
given by the Holyoke test at full gate. With wheels designed for 
about 34 ft. the best results are obtained. With a decrease in fall to 
20 ft. and the same speed, a falling off of about 50 h.p. occurs, and 
at 11 ft. there would be no power derived from the wheel. The 
conditions could not occur on one wheel as the quantity would de- 
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crease with decreased fall, but there would be a series of wheels added 
as the head decreases. Reduction of head due to freshets producing 
back water occurs on all streams, causing loss of power, even with a 
large quantity of water available. 

The quantity of water is also affected by the speed of the wheel, 
and in computing tables of discharge this should be taken into 
account. The examples shown by Professor Allen of discoveries of 
loss of power by brake tests should be convincing proof that tests 
of this character are essential for actual information as to the 
efficiency of a wheel plant. 

In connection with the two wheels set on a horizontal shaft 
and discharging into one draft tube, the results found by Professor 
Allen are very interesting. The discharge is affected to a consider- 
able extent by the amount of opening of the wheel gates and whether 
or not both wheels are running. I have had occasion to measure the 
discharge from a pair of 36-in. Hercules wheels thus situated and at fif- 
teen different gate openings on each wheel. The wheels were run to- 
gether and then separately, and the combined discharge of the two 
wheels running together was considerably less than that obtained by 
adding the discharges when each ran separately. This showed that 
the confliction of the water discharged with both running reduced 
the amount that could be discharged. As wheels are run separately 
in this manner, it would appear that tests on this condition would be 
desirable. 

In connection with the measurement of water very excellent 
results can be obtained under suitable conditions with the current 
meter. We have made various tests with the current meter, at the 
same time measuring the quantity of discharge over a weir under 
excellent conditions (quantities of 400 cu. ft. per second) with varia- 
tions as low as 3 cu. ft. between the current meter and the weir. 
Ixcellent results have also been shown under conditions not as 
favorable. With the current meter attached to a pole instead of a 
line, correct results are more certain, and I should have entire confi- 
dence in the meter under the fair conditions which exist in flumes 
and raceways in connection with the discharge of wheels. 

JoHN CASTLEREAGH PaRKER. The Holyoke tests are very excel- 
lent for standardizing wheel practice, but they cannot in the nature 
of things give exact information as to what the wheel is going 
to do in the power, plant. A great dealof the performance of a 
water wheel is dependent on tbe nature of the setting, the intake works 
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and the draft tube. Those are conditions which cannot be duplicated 
in any standard laboratory, which the Holyoke plant isin all essentials. 
The Holyoke flume is not, if I understand the construction of a testing 
plant aright, adapted to tests on wheels of special shapes. Most of 
the larger wheels of today are designed for use either as vertical-shaft 
or hovizontal-shaft machines, with spiral casings. The Holyoke 
flume was designed for and is most applicable to the old barrel 
type casing. Practically all of the most modern wheels, in the 
larger sizes at least, are made with spiral casings. Field tests must 
be made if we wish to know what such wheels will do. 

Another important value in the fieldjtests is that they, enable 
us to make checks from time to time on the performance of the wheels 
to find whether the runners are deteriorating. 

Without intending to disparage the use of the dynamometer, I am 
inclined to question whether it should be designed as a substitute 
for electric loading. We recently tested three 16,000-h.p. turbines 
by the electric loading metbod, which we have found simple and 
easy to apply. 

The electrical method provides a considerable degree of security 
from some of the vicissitudes that Professor Allen has spoken of in 
connection with his tests. When things go wrong it is simply neces- 
sary to close the gates without any worry as to what will happen to 
the dynamometer. The profession, however, owes a debt of gratitude 
to the man back of the development of a brake which will enable us 
determine the efficiency of turbines in those plants where the 
simpler electrical loading is not available. The paper industries 
require direct drive and a great many privately owned plants are 
used to operate manufacturing establishments, such as textile mills, 
for instance, where power is taken directly from the shafts of the tur- 
bines to the shafts in the building. In such cases it is convenient to 
have a simple and reliable method of getting the loading on the 
machines. 

I want to express my accord with what Professor Allen has said 
in regard to the reacting effect of the design of housings and draft 
tubes on the efficiency of water wheels. The practice in this country 
and a great deal of the practice abroad has been vicious in the extreme, 

_in that we have not attempted to put into the design of conduits, 
housings, and draft tubes even the most elementary hydraulic princi- 
ples. American practice has lagged decidedly behind that on the 
other side in this respect. The old barrel type of housing is execrable, 
so far as developing efficiency is concerned, especially in the low-hea: 
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plants, where it has been used almost entirely. We are asking the 
water to turn at right angles, to change the velocity of flow in passing 
from sudden contractions to sudden expansions, and to do all sorts 
of things that no stream of water could readily do. 

While field tests have no direct bearing on the design of 
runners, the tests at Holyoke and in the field, have helped to improve 
American runner design and have emphasized the importance of a 
construction adequate to lead the water up to and away from the 
runway. We are indebted to Professor Allen for what his tests will 
do in that direction and for bringing us to select our wheels more 
intelligently for the particular heads for which they are to run. 


Dwicut Porrer.' 3 The most ‘desirable test to apply to a 
turbine is one by which the input and output of power shall be accu- 
rately determined under the conditions of final installation. Pro- 
fessor Allen is rendering great service to users of power and to 
turbine builders by the work he is doing, and it should have generous 
recognition. 

Of the three main factors underlying the question of turbine 
efficiency, namely, volume of water fed to turbine, head acting, and 
horsepower developed, it would seem that the latter two should 
generally be capable of determination with satisfactory accuracy. 
Under conditions which sometimes exist at a power station the meas- 
urement of the volume of water, however, may be open to material 
error, and the value of that error seems less easily assignable than 
at a standard testing station. The pair of wheels referred to in Par. 
38 showed an increase of 130 h.p. at 195 r.p.m., when tested after 
installation, as compared with the amount computed on the bases of 
Holyoke tests made at a lower head. This means an increase of efli- 
ciency of between four and five per cent for the 2600 h.p. developed; 
but it is easy to conceive of circumstances in which an improper 
weir coefficient or an imperfect current-meter measurement might 
lead to an error of at least half that amount. 

So long as the testing of wheels at a commercial station is 
common, where the head and conditions of setting are different 
from those under which the wheels are afterward installed, informa- 
tion of especial value will be afforded by tests such as those just cited, 
in which the same wheels are first tried out at the standard station 
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and again after permanent installation. It is only by such compar: 
sons that we may get sufficient light upon the error involved in com: - 
puting from a Holyoke test the proper speed and probable output 
of the same wheel under a different head. 

In making such computations it seems ordinarily to be assume | 
that the various losses of head from shock, friction, leakage and resid- 
ual velocity will vary in the same ratio in which the gross head varies, 
and that consequently, the turbine efficiency will remain constant 
for the same gate opening and same relative speed; while as a further 
consequence the discharge will vary as the square root of the head. 
So far as theory goes, it indicates that these laws will approximately 
hold, but it can hardly be supposed that they will hold rigidly. 

Even through a standard fixed orifice the discharge seems not to 
vary strictly as the square root of the head, but is affected by a 
changing coefficient which must be found experimentally. How, then, 
can the theoretic law be expected to hold exactly in the case of flow 
through a revolving wheel with its appurtenances of casing, guides, 
gate and draft tube. Draft-tube losses themselves are but little known 
and must be uncertain disturbing influences in many cases. 

How much the common method of adjusting to a different head 
the results of a Holyoke test may be in error is only to be learned 
by comparisons such as Professor Allen carries out. Even though the 
error be but small in percentage, on large installations it may be a 
matter of much importance. 


Grorce E. Russeiu.! One of the greatest stumbling blocks 
in the path of turbine development in this country has been the lack 
of systematic testing after installation. Errors in design have been 
made and perpetuated year after year, simply because purchaser and 
manufacturer have been satisfied to believe that turbines showing 
splendid results at Holyoke under a head of 18 ft. or less would give 
as creditable performances when used with heads five or ten times as 
great. That this was beyond the limits of reason we know now and 
should long since have known. 

Under the low heads which were the first to be develope: in 
this country, it was necessary to meet the demands for increased 
speed and power by decreasing the diameter and deepening the w/ieel 
axially. As the decrease in diameter prevented the free escap: of 
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water from the radial inward-flow wheel of Francis, it became neces- 
sary to change the shape of the buckets in order to turn the water 
in them to an axial direction. Thus the Francis wheel was grad- 
ually metamorphosed into the vortex type. This wheel has been 
developed to a high degree under low heads by experimental testing 
at Holyoke and elsewhere. Very little, if any, of this class of work 
has been done under high heads, and there are enough reliable data to 
show that the general type of wheel so far produced in this country is 
not as efficient as designs from abroad which are based on the radial 
flow type. As to whether the vortex type can be brought to perfec- 
tion under these conditions or not there appears to be some difference 
of opinion, and no intelligent answer to the question can be given 
until many reliable high-head tests are available. If the answeris 
to be favorable to the American turbine, then the attainment of this 
high efficiency can be possible only by development through experi- 
mental high-head testing. The shape of the American runner passage 
is so intricate as to defy mathematical analysis of the water’s action, 
and in this respect at least the European design has much in its favor. 

The wide and general continuance of the work so ably and care- 
fully started by Professor Allen should be encouraged and advocated 
by all engineers interested in the highest possible achievements in 
water power development in this country. 


H. K. Barrows.! To improve the efficiency of turbines it is neces- 

y to have an accurate determination of the quantity of water used 

the wheel, as well as its power output. Even the standard weir, 

t is usually installed under the conditions of a field test, is subject 

rors of 2 or 3 per cent or more. Professor Allen showed a view of 

irge weir installed in a canal for such a purpose and it is evident 

t the expense of such construction would prevent its use in many 

‘s. Then again, it is often undesirable to create such an obstruc- 

to flow in a canal or tail race. Under such conditions resort 

st be had to some form of current meter to measure the discharge 

| the error in determination of flow may rise to 4 or 5 per cent. Ex- 

in unusual cases the field determination of efficiency cannot 

inade as closely as at Holyoke, and the Holyoke tests will always 

be valuable as a standard of water-wheel testing. When compared 

wit! field tests such as are made by Professor Allen, valuable conclu- 
sion. can be drawn. 


‘A sociate Professor of Hydraulic Engineering, Massachusetts Institute of 
Tech nology; and of Barrows & Breed, Consulting Engineers, Boston, __ 


303 
} 
—- 
af 
*k 
on 
nd 
ng 
ve 
as 
nd 
| 
in | 
sed > | 
eel 
of 
7 
| 
i] t 1 
-. 


TESTING OF WATER WHEELS AFTER INSTALLATION 


7 _¢ Complete field tests, including discharge and efficiency as well as 
power output, are desirable, not only to bring about improvemen| 
in wheel settings and connections but also to insure suitable condi- 
tions of water approach and discharge. 

With some forethought it would be possible in many cases tu 
arrange suitable conditions for current-meter measurements at little 
or no extra expense, either in the canal or tail race, and in an impor- 
tant water power development this feature of discharge measurements 
should certainly be kept in mind by the designing engineer. The 
necessary platform or supports for operating a meter could be pro- 
vided for at slight cost. A well-designed wheel pit, draft tube, and 
tail race should afford hydraulic conditions suitable for current- 
meter discharge measurements. 

The prevailing idea on the part of wheel users has heretofore 
been to secure the desired power, oftentimes at a great sacrifice of 
ficiency, and the testing of wheels in place and at Holyoke is 
doing much to bring this fact home. 


Henry D. Jackson.!. Many of the wheel manufacturers have gone 
to extreme pains to put their wheels into splendid condition for testing 
at Holyoke and the wheels have shown correspondingly excellent 
results, but these conditions would not last long, so that in actual 
practice the wheels would doubtless show quite different results from 
those obtained at Holyoke. This has led to the discrediting of the 
_ Holyoke tests by a considerable number of purchasers as well as by 
engineers, especially abroad. To what extent this discredit is well 
founded I am not prepared to say, but an examination of some of the 
catalogues, data for which were furnished from the Holyoke flume, 
leads me to believe that there is reason to question some of the Holyoke 
_ tests, particularly when used as they are by some manufacturers. 
It has been found by actual trial that wheels tested at Holyoke and 
then shipped elsewhere, for tests, particularly abroad, have shown 
very much lower results than at Holyoke. 
As a rule, the purchaser of the wheel desires to know its cffi- 
ciency under all conditions of load at a rated speed. The Holyoke 
tests, however, as quoted in catalogues, allow the wheel to assume its 
own best speed under each condition of gate opening, so that the speed 
neither remains constant nor holds a constant relation to the had. 
The tests are, therefore, subject to correction, which most purchs-ers 
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areunableto make. The figures in Table 2, data for which are claimed 
to have come from the Holyoke testing flume, are quoted from the 
‘atalogue of a certain manufacturer, and an examination of a number 
of Holyoke tests discloses these same conditions. 


TABLE 2 TESTS ON THREE SIZES OF WHEELS 


Gate OPENING EFriciENCcY 


Full 194.25 81.08 
187.75 84.78 
178.50 
176.40 


144.00 
138.12 
127.67 
131.50 


109.00 
101.00 
100.00 


The tests start as a rule with full gate and at a rated discharge 
and a number of runs are made with different loads and speed. Then 


the discharge is decreased and another series of runs made. If under 
full-gate opening the speed which corresponds to the rated discharge 
of the wheel is noted and attempts made to find under the different 
gate openings this same speed, it will as a rule be discovered that the 
speed decreases constantly with decreased gate. Rarely is the full- 
gate speed maintained or even quoted in the test results on the de- 
creased gate openings. 

Another reason for so much questioning of the Holyoke tests is 
the extremely high efficiencies which are sometimes quoted. For 
instance, a short time ago it was reported that a certain wheel showed 
approximately 94 per cent efficiency at the Holyoke flume. The theo- 
retical efficiency of a water wheel would rarely exceed 97 per cent and 
‘heorists on water-wheel design claim the losses vary from 12 per cent 
.pwards, so that such efficiencies seem to be very questionable, 
unless the theorists are mistaken in the value of the various losses. 
‘he wheel manufacturers do not as a rule guarantee their wheels 
«| over 80 per cent efficiency and this would seem sufficient reason to 
| lieve that they themselves do not place too much reliance on the 
' sults obtained at Holyoke. There are times, however, when wheel 
a anufacturers will guarantee considerable increases over 80 per cent. 
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But I am strongly inclined to believe, partly from experience, that 
they will balk when the purchaser asks that this guarantee be placed 
on paper, that the wheels be tested, and that a bonus and forfeiture 
clause be put into the contract. For these reasons, it seems to me de- 
cidedly advisable to test the wheels under conditions of installation, 
and the device used by Professor Allen appeals to me very strongly. 

It is, however, open to some objections. Unless used with ex- 
treme care it would seem as though the results would be higher than 
the actual conditions of the installation should show. Suppose a 
generator be removed from the water-wheel shaft and a dynamometer 
be substituted. If the dynamometer be carefully balanced so that 
none of its weight is taken by the water-wheel bearings, is it certain 
that some of the weight of the water wheel is not removed from its 
bearings, thereby reducing the friction? In many cases the water 
wheel is fastened directly to a coupling on the generator shaft, so that 
the water-wheel bearing is also the bearing for the generator. At the 
same time, however, a large part of the friction on this bearing should 
properly be charged up against the water wheel, so that it is important 
in using this dynamometer to be sure that the bearing friction of the 
wheel is the same as it will be when the wheel is in actual service. 
This point being assured, the test, so far as the actual power delivered 
by the wheel is concerned, is a relatively simple matter. In case the 
water wheel is belted to lineshafting or any user of power, or in case 
it may be connected by gearing, the use of the dynamometer does not 
throw the same thrust on the bearings as exists where the wheel is 
actually doing its usual work; and as the power delivered by the wheel 
should take into account the losses in its bearings under conditions 
of actual service, it would seem to me as though the dynamometer 
test would show higher results than should reasonably be expected. 

In making the tests certain errors exist outside of the dynamom- 
eter. These are in the measurement of the water and the measure- 
ment of the head acting on the wheel. The water in many cases may 
readily be measured by means of a weir and if the weir is properly 
proportioned the measurement may be quite accurate. It is seldom 
possible, however, to use a weir of standard dimensions and any change 
in the form will introduce errors of greater or less magnitude. The 
head acting on the wheel will be affected by conditions of setting. 
methods of getting water to and from the wheel, the shape of the pen- 
stock and draft tube, and the location of other wheels near that unde’ 
test. On very high heads there is also a possibility of considerab!: 
error in determining the actual head working on the wheel. 
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I am glad to know that Professor Allen believes the test made 
by the use of the electric generator as a basis of measurement 
of the power delivered by the wheel is perfectly satisfactory. The 
efficiency of an electric generator can readily be calculated under prac- 
tically all conditions of load and there should beno trouble in the use of 
the necessary instruments for determining the output of the machine. 
The effects of temperature or magnetism can readily be overcome and 
the error in the instruments to a large extent eliminated by the use 
of duplicates and care in handling the instruments in transportation 
and in service. The question of absorbing the power generated is a 
very different matter, as frequently it is difficult to design the appara- 
tus necessary to absorb very large amounts of power without very 
great fluctuations. The water rheostat, while valuable in service, is 
not always easily controlled; nor is it always easy to vary the load of a 
generator over sufficiently wide ranges and speeds to give all of the 
characteristics of the water wheel which may be desired. These 
characteristics, however, are of service only to the investigator and 
the designer of the wheel and are not strictly for the purpose of deter- 
mining whether the wheel is or is not up to its guarantee. 

One of the great advantages in the use of the generator as a 
method of testing is that it is a permanent part of the installation, 
available for tests at all times, thus enabling the owner to check up the 
efficiency of the wheel and the conditions of installation and to deter- 
mine whether or not anything has arisen to reduce this efficiency, or 
whether changes in the plant have in any way affected it. This is 
sometimes an important consideration. 

In conclusion I would like to ask if there are not chances for 
error in the calibration or measurement of the brake constants. 


H.C. Daacerr. At the present time there is probably no feature 
of a hydraulic plant about which there are so few definite data as in 
connection with draft tubes. One reason is that no testing flume 
‘xists today which is suitably arranged and designed for making tests 
f draft tubes of different sizes and shapes. When water wheels are 
‘ested in place certain results as to power and efficiency are obtained, 
ut there is no means of knowing to what extent these results are due 
‘o the design of the draft tube. For example, a pair of water wheels 
aay be tested in place with a certain kind of draft tube and may give 
ood results, while another pair tested with another type of draft 

ube may give poor results, but we do not know that the difference in 
ficiency was entirely due to the difference in the design of the 
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draft tube. It may have been due partly to the draft tube, to 
the difference in the actual efficiency of the water-wheel runners, 
to the way in which the water enters the wheel case or flume, to 
the difference in the design of quarter-turn or center case, to the 
number and design of bearings, or to other details. In other words, 
the actual tests in place are so comparatively few, and the condi- 
tions apart from the design of draft tube are so seldom alike, that 
it is safe to say we seldom or never test two units of water wheels 
where all the conditions except the draft tube are the same. 

Therefore, each designer of water wheels uses his own ideas as 
to the proper form of draft tube to be used in any particular installa- 
tion. He is influenced, of course, by the conditions to be met and by 
his own personal experience. He may design a draft tube with a view 
to saving rock excavation or, in case of a renewal of water wheels, 
to avoid changing the old wheel pit. In the case of horizontal water 
wheels, he is often influenced by the necessity or desirability of plac- 
ing the elevation of the wheel shaft above tail water in time of freshet. 
Oftentimes, however, he has the choice of several different designs 
of draft tube, and it is difficult for him to know just which particular 
design would give the most efficient result. Some writers on hydraulic 
subjects have given tables showing the length of draft tube which 
may be used with different diameters of tubes. These tables, however, 
are arbitrary and are simply one individual’s idea in regard to that 
particular point. The writer believes it is true that, everything else 
being equal, a vertical, conical draft tube will give greater efficiency 
than one built to any curve or set at any angle with the vertical. On 
the other hand, a draft tube that leaves the water wheel vertically 
and discharges horizontally in the direction of discharge of the tail 
race eliminates loss of head in the wheel pit to a large extent, and in 
many cases the gain in head would no doubt offset the greater effi- 
ciency that might be obtained with the vertical tube. Lack of infor- 
mation on this point, however, makes it impossible for us to say in 
any given case which would be the more efficient design and how much 
more efficient. Again, by constructing a draft tube at an angle from 
the vertical oftentimes a certain amount of excavation can be avoided 
but it is impossible to say whether the loss in efficiency by so doing 
is compensated for by the saving in the cost of excavation. 

Some engineers have maintained that a properly designed draft 
tube should have a certain fixed angle of flare, regardless of the length 
of tube, velocity in the tube, or other conditions. The writer has bad 
access to certain experiments on small tubes, however, which indicat 
that the best angle of the tube depends on the length of the tube, 
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DISCUSSION 


the velocity of the water in the tube, and the head under which the 
water wheel is operating. 

It would certainly be very desirable if a testing flume were avail- 
able where careful experiments could be made of the results obtained 
with different designs of draft tubes, where at the same time all other 
conditions could remain the same, showing that the difference in 
results was entirely due to the difference in draft tube design. Such 
tests would be invaluable and the writer hopes that arrangements 
may be made in the near future whereby such a testing flume may be- 
come available for the use of engineers, users and builders of water 
wheels. 


Tue Avutruor. In reply to Henry D. Jackson’s question re- 
garding the chances for error in the calibration or measurement of 
the brake constants, I would state that the horsepower can be 
determined just as accurately as it is possible to measure the dis. 
tances from the center of the shaft to the knife edge on the arm 
of the brake, a length of about 5 ft., and also the level lengths, 
l4 in. and 140 in. respectively, combined with the accuracy of 
standardized weighing scales and a direct-reading revolution coun- 
ter. The initial load on the brake is readily determined at the 
time of making the test (Par. 16). The load on the shaft bearings 
of water wheels can be duplicated when under test if the load be 
one of direct weight. If it is caused by belting and is in a direction 
other than vertical, it is more difficult to obtain. The actual loss 
due to one or two ieccions 3 is ordinarily a ve ry smi all fraction of 1 
per cent of the total power developed. 
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THE STRENGTH OF CAST-IRON PUNCH 
RIVETER FRAMES 


| By Pror. A. Lewis JENKINS, CiNcINNATI, O. 


Member of the Society 


The actual stress relations existing in a simple cast-iron beam when 
subjected to a load have been the object of many investigations con- 
ducted by engineers during the past hundred years. These investi- 
gations consisted of numerous experiments and mathematical deduc- 
tions for the determination of the elastic laws and physical constants 
involved in the analysis of stresses in straight cast-iron beams, but did 
not include the necessary deductions for the case of curved beams simi- 
lar to punch and riveter frames. 

2 The object of this article is to determine experimentally the rela- 
tion between the ultimatestrength of curved cast-iron specimens simi- — 
lar to punch and shear frames and the ultimate strength of the attached — 
test bars and to compare the experimental results with those deter- 
mined by the various methods of analysis used in designing castings of © 
similar shape. In making this investigation many publications relat-— 


in the appendix. 
FACTOR OF SAFETY 


3 It has been contended that the ultimate strength of cast-iron — 
machine parts is of no practical value since the working stress seldom 
exceeds 5000 Ib. per sq. in., and as Hooke’s law is sensibly true 
Within this limit the ordinary formulae for beams should apply — 
with a fair degree of accuracy. It is frequently desirable, however, — 
to know the ultimate strength of such elements as punch frames in ~ 
order to design the safety link which is supposed to break and save the — 
frase in case of an accident or overload. 


at the Spring Meeting, Atlantic City, 1910, of Taz AMERICAN 
ry oF MECHANICAL ENGINEERS, 
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4 The ordinary formulae assume that the stress in a beam is 
directly proportional to the load and factors of safety based on thie 
ultimate tensile strength of the material are the same as if based on the 
ultimate strength of the beam. This is not true, however, for cast 
iron because the stress is not directly proportional to the load. A 
beam 1 in. square and 12 in. between supports made of cast iron hay- 
ing an ultimate tensile strength of 20,000 lb. per sq. in. would 
support a load of 222 lb. midway between the supports with a factor of 
safety of 5 based on the ultimate tensile strength. Such a beam would 
probably fail, however, under a load in the middle of about 2000 lb. 

giving a factor of safety of 9 based on the breaking load of the beam. 
Hence, by using the ordinary beam formulae in designing straight cast- 
iron machine elements that are to be subjected to bending strains tlic 
actual working stress may be close to that desired, but the actual fac- 
tor of safety based on the strength of the casting will be much greater 
than the same factor based on the tensile strength of the material. 
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5 For many years engineers have recognized the value of experi- 
mental data on the strength of cast-iron beams and a considerable 
volume of literature on this subject is now available. There are, how- 
ever, no published data on the strength of curved beams similar in 
shape to punch frames. The results of some experiments on the 
strength of crane hooks published in the October 7, 1909, issue of the 
American Machinist, seem to show that the Pearson-Andrews formula 
is true within the elastic limit for steel specimens of small throat 
depth. It will be noticed, however, that the value used for Poisson's 
ratio does not compare favorably with the values of this constant 
usually given for steel. 

6 In view of the fact that there seems to be no rational method for 
determining the strength of curved cast-iron beams the writer believes 
that some experimental data on this subject may be of practical value 
and also serve as an incentive for further investigation by others. 

7 Three forms of test specimens as shown in Figs. 1, 2 and 3 were 
used for these tests. These specimens were carefully designed with 
a view to having them of equal strength throughout, the calculations 
being based on the ordinary formulae for beams. To prevent any 
torsional moment due to eccentric loading the specimens were pro- 
vided with two small hemispherical projections for receiving the lov. 
A round and a rec tangular test bar were cast with each specimen 4s 
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STRENGTH OF CAST-IRON PUNCH AND RIVETER FRAMES 


shown in Fig. 4. The castings were made by the Buckeye Foundry 
Company of Cincinnati and poured from a heat run to cast lathe beds. 

8 The 100,000 lb. Riéhle testing machineshownin Fig.5 was used 
for making the tests. Fig. 6 shows the method employed for applying 
the load. ‘Two stirrups forged from 1 in. by 3 in. steel and then tem- 


Piate | Curvep Cast-IRON SPECIMENS BROKEN BY TESTS 


pered were held in the grips and received the castings. The tangs of 
the autographic recorder were placed between the casting and ‘he 
stirrups, thereby eliminating the deflection of the stirrups and the be ar- 
ing projections on the castings. 
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SIZE OF SPECIMENS 


9 Plates I, II,and III weremade from photographs of the broken 
specimens. The dimensions of specimens No. 1, 2 and 3 are shown in 
Fig. 1, and Fig. 2 shows the dimensions of specimens No. 4, 5, 7 and 
12. The flanges on No. 12 were partially removed, but this did not 


Piare Il Curvep Cast-Iron Specimens BroKEN BY TESTS 


affect its strength. Specimens No. 9, 10, 11 and 13 were cast from the _ 
same pattern as No. 4 and the flanges altered as shown. No. 6 was 


cast from the same pattern as No. 4 after the thickness of the web had 
been increased to 0.93 in. No. 14 differs from No. 6 in that the fillet 
behind the flange is larger. No. 15 is the same as No. 14 with theout- 
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side flange removed. Fig. 3 shows the dimensions of No. 16 and 17. 
No. 18 is the same as No. 16 with depth of spine reduced to 3.4 in. 


RESULTS OF TESTS 


10 Table 1 gives the results of the tests. The unit tensile strength 
of the test bars varied from 18,600 to 24,400 Ib., and the flexural 
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strength varied from 36,400 to 46,400 lb. The variations in the 
values of K seem to indicate that no definite relation exists between 
the tensile and flexural strength of small test bars. 


11 The determination of the correct value for the radius of curya- 
ture of the gravity axis is extremely important and considerable «sre 
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was exercised in attempting to get accurate measurements of these 
values by plotting the curve of the gravity axis and finding its radius 
of curvature at the section considered in each case. It is possible for 
the personal equation to cause sufficient variations in these values to 
affect appreciably the final results. The chances for errors in plotting 
the transformed curves and measuring their areas is also worthy of the 
designer’s consideration in choosing a formula. 


12 The average dimensions of castings No. 1, 2, and 3, Plate I, 
cast from the same pattern, are given in Fig.1. Each casting was care- 
fully measured and the values used in the respective calculations. 
The average tensile strength of the three test bars is 18,907 lb. per 


sq in. The maximum stress in the castings at failure as given by 
th: beam formula is 14.2 per cent !ess than the tensile strength of the . 
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test bar, whereas the stress according to the Résal and Pearson- 
Andrews formulae is 43.4 per cent and 75.4 per cent in excess of the 
strength of the test bar. 

13 From Keep’s experiments it is known that the unit strength of 
cast-iron bars of the same composition decreases as the area increases: 
hence, it is reasonable to suppose that the unit stress given by the 
beam formula is very close to the actual ultimate strength of the mate- 


Fie. 6 EMPLOYED IN APPLYING LOAD 


rial. The absurd results given by the Résal and Pearson-Andrews 
formula» show that they are not applicable to the case in quest-o.. 

14 Castings No. 4, 5, 7, 9 and 12. Plates I and II, were cast from 
the same pattern and the average dimensions are given in Fig. 2. 
None of the above-mentioned formulae apply to these castings owing 
to the peculiar manner in which they failed. The results, howev:', 
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have an extremely important bearing on the design of punch frames. 
These specimens were supposed to fail under a load of about 15,000 
lb. When the load on No. 4 reached 9300 lb. a fracture occurred 
behind the inner flange, as shown in the photographs of castings No. 
7 and 12. Continued application of the load produced the fractures 
shown on No. 4,5and9. The stress producing failure was evidently 
a normal stress as there is no shear on this section. 


TABLE 1 RESULTS OF TESTS 


TRANSVERSE SPECIMENS 


Tension SPeciMENS Length 12 in Curvep SPECIMENS 
UNIT STRESS AT ab 
{2} < n [se] < 
1 15000 0.785 19100 2380 .75% 1.25 36560 3.14 11200 16240 27025 33013 
2 14630 0.785 18620 2880 .75 44200 2.52 11125 16120 26844 32796 
3 613460 0.709 19000 1680 1.25% .75 46080 2.65 11390 16540 27484 33577 
4 17000 0.785 21630 2280 1X1.05 37200 3.48 9300 11330 19583 38223 
5 17000 0.785 21630 2000 1X .95 40000 3.25 8500 10500 17909 34935 
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7 16300 0.866 18750 2380 1X1 43000 2.62 12000 9790 12584 27048 
8 15070 0.724 21700 2310 1X .95 46250 2.82 15300 12600 18420 

9 18000 0.785 22920 2200 1X1 39600 8300 10130 19164 36530 
0 16000 0.785 20370 2300 95 X 1 43700 2.70 8400 10520 —— 


11 17800 23600 2060 1.02 X 1 36400 3.94 5200 18420 21040 
12 18000 23000 207 1X .98 38000 3.56 8400 10235 17500 34524 
13° 18000 0.754 24400 2440 1X .98 45000 3.20 5800 — — 
14 16300 0.739 2300 1.02 X 1 40600 3.22 12700 23920 26435 
15 16100 0.754 21400 2240 1X1 40400 3.18 12500 23400 26025 


16 16730 «0.785 «2460.75 1.25) 37800| 3.41 11255 16320 27160 
17 «(17340 «(0.785 22080 2741) .75 KX 1.25, 42200 3.17 11980 17270 28987 
18 17900 0.785 22800 2680 .75X1.25 41300 3.35 10600 =21476 


15 The conditions of stress that would produce such a failure may 
be given as follows: ‘ 

a The inner flange being'heavier than the web would tend to 

~ produce separation behind the flange due to unequal con- 

traction when cooling. This initial stress due to cooling, : 

_ plus the stress due to lateral contraction caused by the ten- 

sile stress due to bending, is a stress norma! to the plane of 
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fracture. This method gives about 1500 lb. for the stress 
due to the load and about 18,000 |b. for the initial stress 
due to cooling, which is considered absurd. Hence this 
method does not offer a satisfactory explanation. 
In Fig. 7, the load W produces a bending moment at the 
section AD equal to WN. This moment is resisted by 


SI 
the moment ‘ where S is the stress at A, J the moment 


of inertia of the section between A and D, and c the 
distance between the center of gravity of this section 
and the point A. The fracture of casting No. 5 sug- 
gested this method as a possible cause of failure. At 
a load of 8500 lb. a fracture occurred behind the inner 
flange and the load dropped almost to zero. Upon fur- 
ther application of the load the crack gradually ap- 
proached the outer flange, then the inner flange fractured 
and finally the outer flange separated. According to 
this method of analysis the average unit stress at A in 
the five castings was about 22,700 lb. when the fracture 
occurred, which is excessive for tensile strength. This 
does not take into consideration a possible shifting of 
the neutral axis, however. which would tend to decrease 
the value of the result. There are also reasons for using 
a larger value for N. By changing the values of N and 
c, it is possible to change the value for the stress, hence 
this method could not be relied upon without making 
many tests on different-sized specimens with different 

thicknesses of flange. 
ec Considering the flanges as separate members having pin 
connections at points A, E, F and G in Fig. 8, the load W 
would tend to increase the distance between the points 
AandG. If A andG be connected by means of a link, the 
stress in it may be found as follows: Draw the lines EG, 
war eyial FG. EA, and FA and let them represent links with pin con- 
nections. Then produce GA until it cuts the line of appli- 
‘ad Oxtens hid cation of the load at K. The triangle AKE may be taken 


> 


W 
as the force diagram where KE = 9 and KA is equal to 


res the stress in the link AG. In the specimen this 


stress is taken by the web, the area of which is the outside 
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diameter, pp, of the inner flange multiplied by the thick- 
ness of the web. According to this method the unit 
stress is about 18,000 lb., which seems to express the stress 
relation very satisfactorily for this particular case, but 
‘it is not probable that such results would be derived 
from castings having a thicker flange. 

16 Casting No. 7, Plate II, was first subjected to a compressive 
load acting on the horizontal side of the notches cut in the outer flange. 
This caused failure near the line of application of the load, as shown in 
the photograph. It was then subjected to a tensile load acting at a 
distance of 53% in. from the inside of the spine, and failed similar to 


Fic.7 SHowine Conpition Fia.8 SHowING ConpDITION 
with BENDING MOMENT AT PrRopuCcING TENSILE STRESS 
Section AD IN Secrion AG 


17 Casting No. 9 had ¥ in. of the outer flange removed on both 
sides. This, however, did not seem to affect its strength, failure 
occurring behind the flange. 

18 Casting No. 12 had the outer flange removed on both sides and 
the inner flange reduced to a width of 1 in. at a distance of 6} in. 
from the load line; but this did not seem to affect its strength, as fail- 
ure occurred behind the flange similar to No. 5. The unit stress 


atthe milled section according to the formulaS = 7 was 34,805 lb. 


19 Casting No. 10 had the inner flange reduced to a width of 
24 in. and failed horizontally as shown. Failure in this manner 


was probably due to a fiaw in the inner flange that extended into 
the web. 
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20 Casting No. 11 had about 2 in. of the outer flange removed on 
both sides and the width of the inner flange reduced to 2 in. 

21 Casting No. 13, Plate III, had both flanges removed at a dis- 
tance of 6.8 in. from the line of application of the load. The stress at 


this point according to the formula S = aa is 31,160 lb. per sq. in 


22 Casting No. 6 is the same as shown in Fig. 2 witn the exception 


_ of having the thickness of the web increased to 0.93 in. The fracture 


occurred at an angle of about 30 deg. with the horizontal. There 
seemed to be a tendency for the fracture to follow the inner flange. 

23 Casting No. 8 was subjected to a compressive load and failed at 
a section 7 in. from the line of application of the load, the stress being 
35,370 lb. according to the formula for beams. 

24 Casting No. 14 had the thickness of the web increased to 0.93 
in. and provided with large triangular fillets behind the inner flange. 
By comparing the results of this test with those from No. 6, it seems 
that enlarging the fillet does not appreciably affect the strength of the 
casting. 

25 Casting No. 15 is the same as No. 14 with the outer flange 
removed. The results seem to show that the outer flange on No. 14 
adds but little to its strength. 

26 Casting No. 16 failed in a curved portion. The angle between 
the plane of fracture and line of application of the load is about 79 deg. 
The stress in this section by Formu!ta7 (see Par. 64) was 16,300. 

27 Casting No. 17 failed in a curved portion, the angle being about 
48 deg. The stress in the fractured section by Formula 7 (see Par. 
64) was 17,300. 

28 Casting No. 18 is the same as No. 16 and No. 17 with the depth 
of spline reduced to 3.4 in. The stress at fracture was 21,476. | a 

6 


THE AUTOGRAPHIC RECORDER 


29 The autographic recorder gave an apparently straight line for 
the deflection-load diagram for each specimen, but the scale of the 
curve is so small that a slight curvature due to the elastic law would 
not be perceptible. It is interesting to know, however, that the curve 
is so nearly a straight line and does not show any change in the elastic 
law which might be taken as the elastic limit of the specimen. 

30 The load-deflection curve shows the total deflection produced 
by any given load on the specimen, and a sudden change in its ‘lirec- 
tion would indicate that the stress in some section had reached the 
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yield point. Any method of analysis involving the use of these curves 

is applicable only to the section which yields first. In the case of steel 

specimens it is difficult to determine this section, and in the analysis 
of stresses in cast-iron specimens the diagram finds no application. 
CONCLUSIONS 

31 Although these experiments are not sufficiently exhaustive to 
render any rigid conclusions, they seem to indicate that the following 
statements are approximately true: 

a There is no rational method for predicting the strength of 
curved cast-iron beams suitable for punch and riveter 
frames. 

b> Of the three formulae suggested for the design of punch 

frames, the well known beam formula 


is the most accurate statement of the law of stress rela- 
tions existing in such specimens. 

The stress behind the inner flange at the curved portion is 
an important consideration that should be recognized by 
the designer. 

_d_ There seems to be no definite relation existing between the 

is strength of a curved cast-iron beam and the transverse 
- strength of a test bar cast with it. 

_@ The Résal and Pearson-Andrews formulae are unwieldy and 

e awkward in their application and offer many chances for 

error. 


Acknowledgment is due to Prof. 8S. E. Slocum for criticisms during the 7 
preparation of this article and to Prof. John T. Faig whose assistance made 
possible the securing of the materials necessary for conducting the tests. 
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ELASTIC LAW 
. eS 32 Within the elastic limit, homogeneous materials such as steel and 


wrought iron conform with Hooke’s law, which states that the stress varies 
directly as the strain; hence the stress-strain diagram is a straight line. In 
common practice the elastic limit for cast iron is assumed to be about 6000 |b. 
per sq. in. and Hooke’s law is supposed to be practically true for stresses 
not exceeding this value; but, as a matter of fact, cast iron has no clearly 
defined elastic limit like steel, and no portion of the stress-strain diagram is 
a straight line. The elastic law in this case may be expressed by the expon- 
ential equation 


A= KS" 
where A denotes the unit deformation, S the unit stress, and K and m are con- 
stants. From the experiments of Bach these constants have been determined 
for cast iron, and the elastic laws found to be as follows: 


: For tension, A = 0.00000004126 S 
— For compression, A = 0.00000005415 S — 


33 These experimental curves may be replaced by sia cn intro- 
ducing any serious error. From experiments by Hodgkinson, the equations 
of the parabolas which fit these stress-strain diagrams most closely were found 
to take the form 

S = 1,400,000 A (1 — 209 A), for tension 

S = 1,300,000 A (1 — 404A), for compression 
_ 34 By assuming that the equation of the elastic lawis a parabola, the stress 
- a beam at adistance y from the neutral axis was expressed by St. Venant in 
equations 


m 
, for tension 
c 
68 


, for compression 


where T and C denote the ultimate tensile and compressive strengths, ¢ and c¢’ 
the distance from the neutral axis to the extreme fiber in tension and compres- 
sion respectively, and m is a constant so chosen as to make the parabola fit 
the stress-strain diagram for the given material. For the value m = 1, these 
equations reduce to the form 


—, 


which i is Hooke’s law. 
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POSITION OF THE NEUTRAL AXIS AND THE MOMENT OF RESISTAN 

35 The equation 

SI 
is commonly known as the fundamental formula for beams. This formula is 
due to Navier and is based on the following assumptions: first, the strain is 
directly proportional to the distance from the neutral axis; second, the neutral 
axis coincides with the gravity axis; third, the stress is directly proportional to 
the strain on both the tension and compression sides. Some authorities favor 
the validity of the first assumption, but they all in general agree that the second 
and third are not true for cast iron. 

36 The fact that the flexural strength given by the above formula does not 
coincide with the tensile strength has reflected discredit upon it. The flexural 
strength is from 1.5 to 2 times the tensile strength for ordinary test bars. The 
cause of this discrepancy is frequently explained by saying that the formula is 
based on Hooke’s law, and is not expected to hold true above the elastic limit, 
hence it does not give the actual tensile strength at rupture. This statement, 
however, is not necessarily true, because the formula will represent the stress 
relations in a rectangular beam under all conditions of load provided the coeffi- 
cients of elasticity for tension and compression are equal. 

37 The discrepancy is due to the shifting of the neutral axis which is caused 
by the difference in the elastic laws for tension and compression. A method for 
determining the position of the neutral axis is given by St. Venant in his notes 
on Navier’s Resistance of Solid Bodies. Assuming that the strain varies di- 
rectly as the distance from the neutral axis, the stress will vary as in the ordin- 
ary stress-strain diagram. Now if the beam fails in tension, the stress at rup- 
ture on the extreme fiber on the tension side is equal to the ultimate strength of 
the material. 

38 Let BE = S; represent the ultimate tensile strength of the material, and 
let OF and ODF represent the stress-strain diagrams for tension and compres- 
sion respectively as shown in Fig. 9. Then OB is the distance of the neutral 
axis from the tension side of the beam drawn to the same scale as yet undeter- 
mined, and the area OEFB represents the total tensile stress in the beam at this 
section. But since the total tensile and compressive stresses must be equal, 
the compressive side of the beam is found by drawing a line AD such that the 
aren OAD is equal tothe areaQOEB. OA will then represent the distance of the 
compressive side of the beam from the neutral axis to the same scale as that to 
which OB is drawn. The scale may be easily determined by comparing AB 
with the actual depth of the beam. 

39 The stress-strain diagram for the compression side is more nearly a 
straight line than that of the tension side. By assuming that the compression 
side obeys Hooke’s law, the formula for the moment of resistance is thereby 
simplified and becomes for a rectangular section of breadth b and depth d 
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The value of m in this equation is to be so chosen as to make the expression for 
the elastic law conform as closely as possible with the actual stress-strain dia- 
gram. This equation for any given material reduces to the form 


10 Hodgkinson’s' experiments led him to conclude that the neutral axis 
did not coincide with the gravity axis just at the point of failure of a cast-iron 
beam, and that it moved toward the compression side, dividing the depth 
into a ratio of 1:5 or 1:6, which is the ratio of the ultimate strengths of the 
material in tension and compression. 

11 W. H. Barlow? experimented with beams 7 ft. long, 6 in. deep and 2 in. 
wide, and found that loads less than three-fourths of the breaking load did not 
change the neutral axis materially, but just before rupture the shifting became 
greatly increased. These experiments accounted for only a small percentage 
of the discrepancy assumed by Hodgkinson. 

12 Another explanation is that the outer fibers are subjected to an initial 
compressive stress due to their being cooled before the inner portion of the 
beam, and this initial stress must be overcome before the tensile stress begins. 

13. Lewiston* proposed the theory that the compression side of a cast-iron 
beam is stressed to its ultimate strength at the point of failure. Thatistosay, 
a beam is stressed to its ultimate strength on both the compressive and tensile 
sides just before failure occurs. According to his theory, the distance from the 


neutral axis to the fiber that fails first is hatred il 
C+T 
where C and T' are the ultimate strengths in compression and tension and d the 
depth of the beam. As aresult of this theory the moment of resistance of a rec- 
tangular cast-iron beam is 


Aut 5 ee ) 


c 
when the ratio of the ultimate strengths, r’ is equal to 5. This equation 


may also be written 


where S denotes the ultimate strength of the material in tension. 

14 Emery‘ claims that neither Hooke’s law nor Bernoulli’s assumption are 
true for cast iron, that the medial portion between the neutral axis and the 
extreme fibers is stressed more than assumed by Bernoulli’s assumption, w!:ich 
would necessarily relieve the outer fiber of acertain amount of stress. In devel- 


1 Hodgkinson: Experimental Researches on Cast Iron. iv 

? Phil. Mag. 1855. - 
* Trans. Am. Soc. C. E., Vol. 35. 
‘Trans. A. S. M. E. Vol. 8. : 


4. 


| 
| 
{ 
i 
] 
ae 
i 
i 
I 


oping a formula for the resistance of a rectangular cast-iron beam he assumes 

the elastic law 
A = 


for the tension side and Hooke's law for the compressive side, which gives 


J 
(n + mt) 

~< M = Sbd? 
(1 + V 2 mt)? 


where S is the tensile strength of the material, m and m are constants from inte- 
gration and ¢the ratio into which the neutral axis divides the depth of the beam. 


This equation may also be expressed ta tl 
MK 


A 
Neutral 


AXIs 


Srress-StTRAIN DIAGRAM Fig. 10 CANTILEVER BEAM SUBJECTED 

FOR TENSION AND COMPRESSION ies To A BENDING MoMENT 

The values of K given by Mr. Emery range from 2.8 to 4. 


45 Clark’s formula 


gives a value of K = 3.46. < 
16 Keep! published the results of a great many tests of different-sized speci- 

mens made of different grades of cast-iron and concludes that the silicon con- 

tent and the rate of cooling greatly affects the strength of cast-iron. He also 

points out the fact that there is definite relation existing between the shrinkage 

and the percentage of silicon, and by measuring the shrinkage of a bar, the sili-- 

con content may be found from his shrinkage chart. This same chart is also — 

provided with curves from which the strength of any bar between 3} in. and 4_ 

in. sq. may be found when the strength of any other bar within these limits 

is known. In the discussion of Mr. Keep’s paper, Professor Benjamin pro- 


posed the formula 
0.83 


W=H 


‘Trans. Am. Soc. M. E., vol. 17. 
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where W is the breaking load and H a constant determined by breaking a ba: 
lin. squareand12in.long. 


JECTED TO A BENDING MOMENT WITH STRAIGHT SPINE SUBJECTED 
To A BenpING MoMENT 


47 Although based upon different theories and experiments, most of the 
above formulae for straight cast-iron beams of rectangular cross-section reduce 
to the form 


MK 


For rectangular sections the value of K has been found to vary between 2.8 and 
4, depending upon the elastic laws of the material when subjected to tensile and 


Fig. 13 Srraigut Beam SUBJECTED TO COMBINED BENDING AND 
LONGITUDINAL TENSION 


compressive stresses ; and these laws vary with the sectional area, chemical com- 

position, temperature of the metal when poured and the rate of cooling. 

EFFECT OF CURVATURE AND FORMULAE FOR CURVED BEAMS 4 


- 48 In Fig. 10 the simple cantilever beam is subjected to a bending moment 
due to the load W supported at the end. The bending moment at the section 
AB is resisted by the tensile and compressive stresses in the upper and lower 
fibers of the beam. 

49 Consider the beam when bent into the forms shown in Fig. 11 and Fig. 12. 
The condition of stress in the portion ED is not affected by the change in shape; 
whereas the section AB resists not only the bending moment due to the |oad, 
but: an‘additional force due to the direct pull of W. 

50 The stresses in any section of a straight beam subjected to a bending 
load W, and a tensile load W’ as shown in Fig.13, may be accurately repre- 
sented by the well known formulae ; 

Ww’ 


>? 
| 
su 
fré 
th 
SS 4 G H 
wl 
st 
d 
b 
a 
N 


A. LEWIS JENKINS 3 329 


51 These formulae are supposed to be true for straight portions of beams 
only; but due to their simple form, they are often applied to curved sections 
such as AB in Fig. 11;in which case W’=W and M=WL, where L is the distance 
from line of application of the load to the gravity axis. When used in this way 
these formulae assume th&t the neutral axis coincides with the gravity axis of 
the section and its position is not affected by the curvature of the beam. These 
formulae may also be written in the form 


(e+?) 


W /Le 


where R is the radius of gyration and equal to 


14 ENLARGEMENT OF CuRVED PorTION Fia. 11 


52 Fig. 14 shows an enlargement of the curved portion of the beam repre- 
sented in Fig. 11. Assuming that a plane passed through the section AB before 
the load is applied remains a plane under the conditions of stress, that the 
stress is directly proportional to the distance from the neutral axis, and the 
radius of curvature of the gravity axis does not change; it will take less stress to 
deform the fibers on the convex side the same amount as on the concave side, 
because the convex side is longer. When the stresses at A and B are equal, the 
deformations may be represented by BC and AD respectively. The neutral 
axis does not coincide with the gravity axis at G, but passes through the point 
V which is nearer the convex or tension side, and at adistance DfromG. The 
distance D, through which the neutral axis shifts, is independent of the stress 
when expressed by the equation! 


D=-— 


‘| his method of analysis is due to Résal and is given in Strength of Materials by Slocum and Han_ 
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where y denotes the distance from the gravity axis to any fiber having an area 
equal to dA, and r the radius of curvature OG of the gravity axis. 

53 The stress on any fiber ata distance y from the gravity axis is expresse:| 
by the equation 

M (y + D) 
(yt+r) ((y+ D)? 
yt+r 
where the bending moment, M = W (L—D). 

54. The application of the above formula may be greatly simplified by a geo- 
metrical transformation of the section as shown in Fig. 15. Let KLMN repre- 
sent a section cut by the plane AB in Fig. 11, OS the axis of symmetry passing 
through the center of curvature O and GP the gravity axis of the section per- 
pendicular to OS. By drawing radial lines from O through each point in the 
boundary, such as 7’, cutting the gravity axis at some point R, the lines drawn 
through 7 and R, perpendicular to OS and GP respectively, will intersect in the 
point E. The locus of the point E is the boundary of the transformed curve 
klmn. 

55 It has been proven by Résal that the distance between the center of 
gravity G of the original section and the center of gravity G’ of the transformed 
section is equal to the value of D given in Equation 2, and the moment of inertia 
of the transformed section is equal to the integral in Equation 3. By denoting 
the moment of inertia of the transformed section by J’, the above equation 
reduces to 

56 Another method of analysis is that due to Pearson and Andrews which 
takes into account the change in the radius of curvature and decrease in cross- 
sectional area due to lateral deformation. The tensile stress on the concave 
side is expressed by the formula “a 

Wits 


A 
( 
where 


W = load in pounds; a ee 
_A = area of cross-section in square inches; = 
_L = distance from line of application of load to the gravity axis of the scc- 
ie tion; 

-r = radius of curvature of gravity axis in inches; — 
ae distance from gravity axis to extreme fiber on tension side; 

mn = Poisson’s ratio of lateral contraction. — 
The value of 7, is determined graphically as follows: Let KLMN in big 
represent the cross-sectional area cut by the plane AB in Fig. 11; r the racius 
of curvature, GP the gravity axis and y the distance from any point C on 
boundary to the gravity axis. For each value of y, or position of D ls 


CD 


S= 


CE = 


| 
n+1 pr [5] 
14 


forming the boundary klmn. ‘The area of klmn divided by the area of the see- 
tion KLMN is equal to the value of 7. 
sv The value of 72 is equal to 
area of klmn—area 
area of ALMN 


where the boundary of the area k’l’m’n’ is formed by making 


CJ = 


1 

( 


gate 


for each value of y. 


M 


% 


Fie. 15 16 GrapaicaL DETERMINATION 
or THE INTEGRAL IN Equation [3] OF ¥; AND yw FOR Equation [5] 


5S The stress in any section of the straight portion of the beam shown in 
Fig. il may be found from the formula 
= 


and the stress in a section perpendicular to the line of application of the load. 
such as AB, may be found from Formula 4, provided the beam is of homo- 
geneous material and obeys Hooke’s law, but none of the above formulae can 
be »s-curately applied to the section between A and C. 

59 Tt is not necessary, however, to investigate more than one section of the 
cury« | portion provided the throat depth is small, as in the case of hooks; but 
in de \gning large punch frames it is desirable to determine at least two sections 
with: the curved portion. 

60 ‘$y comparing the properties of cast iron with the assumptions upon 
Whic! the Formulae 1, 3, and 4 are based, it is easily seen that they do not 
apply .o cast iron with any degree of accuracy. ee 8 experiments: 
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seem to show that due to the properties of the material, the neutral axis of . 
cast-iron beam shifts toward the compression side a distance 


Résal’s formula as given in Equation 2 when applied to a rectangular section 
shows that | 


Tr 


“3 61 If the radius of curvature be such as to make D’ = D, it seems that 


Formula 1 would apply. By equating the values of D and D’ and solving, r = 
0.0505 d, which is a value that could not be used in practice. Hence, there is 
apparently no rational formula that represents the relation between the break- 
ing load and the unit strength of curved portions of cast-iron beams similar 
in form to that shown in Fig. 11. 

62 Press and punch frames requiring a wide gap are usually shaped similarly 
to the beam shown in Fig. 12, in which case a portion of the spine is straight. 
The sections KL and GH may be considered as belonging to either the straight 
or curved portions. If considered as belonging to the curved portion Formula 
4 should apply; but if taken as belonging to the straight portion it is subjected 
to the same conditions of stress as the section AB, and Formula 1 should be 
applicable. These formulae, however, give different results which seem to 
indicate that the section AB should be less than the sections KL and GH of 
the curved portions, hence the condition of stress at KL and GH is somewhat 
similar to that due to sudden change in cross section, or which exists in the sec- 
tion connecting a spherical end to a thick cylinder. 

63 A formula for determining the ultimate strength of castings having 
straight spines should recognize the change of the neutral axis due to the elastic 
properties of cast iron. Such a formula based on the knowledge of straight 
beams of rectangular section takes the form 


where K is a constant to be determined experimentally. 


64 The stress at sections between A and Din Fig. 11 and in sections above — 


KL in Fig. 12 are usually determined by the formula 


Mc Wsin@ 
a 

where M is the product of the load into the distance between the line of ap)|i- 
cation of the load and the gravity axis of the section considered ; and @ the 
angle between the line of application of the load and the section produced until 


they intersect. For rectangular sections this formula may also be writ'en 


pais 


{ 
| 
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WALTER RAUTENSTRAUCH. I[ was much surprised to find that 
Professor Jenkins’ experiments with cast-iron frames of the C 
form had led him to the conclusion that the Andrews and Pearson 
formula gave results which were absurd when compared with those 
obtained by experiment. That the analysis should be so very in- 
correct when applied to cast iron was quite contrary to the opinion] 
had held after my experiments with hooks of wrought iron and cast 
steel, the results of which are reported in the American Machinist, 
October 7, 1909. 

The table of breaking loads and maximum stress at breaking 
load, a quantity I have never been able to compute by any standard 
formula, is interesting but not at all adapted to throw any light on 
the subject of the relation between load and maximum intensity of 


stress in cast-iron frames of this sort. In order that I might learn the 
true state of affairs at first hand, I had a few castings prepared similar 
to the one shown in Fig. 1 and tested them. The results of these 
tests follow. 

Four castings with dimensions as shown in Fig. 17 were prepared, 
two by the Isaac G. Johnson Company and two by another firm. 
The latter two were found to be very defective, being full of blow 
holes and imperfections which made the results of tests on them of 
no value. The C castings were tested in a Riéhle 100,000-Ilb. testing 
machine, and the separation of the points A and B were read by a 
mic;ometer caliper to ten-thousandths of an inch. Loads and read- 


"| \e discussion is here published in abstract only. The complete discus- 
$100 :ppeared in The Journal for September 1910. = 
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ings were taken, as shown in’ Table 2. Casting No. 1 broke «s 
shown in Fig. 17. The relatio relation b between lo: ad and opening is shown 


TABLE 2 TESTS ON nana NO. 2 


Caliper Reading Total Opening Load Caliper Reading Total Opening 


0.3420 

0.3468 0.0847 
0.3515 

0 
0.3772 0.1151 
0.3822 0.1201 
0.3878 0.1256 
0.3042 0.1821 
0.4000 0.1379 
0.4050 0.1429 
0.4102 0 1481 
0.4172 | 0 1551 
4228 0 1607 

0.4298 0.1677 

0.4354 0.1733 
0.4432 0.1811 
0.4493 0.1872 

0.4569 0.1948 

- 
TABLE 3 TESTS ON CASTING NO. 2 
Load Caliper Reading Total Opening Load Caliper Reading Total Opening 


11070 0.3795 0.0844 
500 0.205) 12000 0.3885 0.0934 
1080 0.2981 0.0030 13020 0.3992 0.1041 
2040 0.3050 0.0099 14010 0.4079 0.1146 
2930 0.3123 0.0172 14970 0.4207 0.1256 
4030 0.3202 0.0251 15770 0.4300 0.1349 
5050 0.3279 0.0328 16810 0.4417 0.1466 
7040 0.3450 0.0499 18010 0.4548 0.1597 
8030 0.3533 0.0582 18980 0.4677 0.1726 
9000 0.3611 0.0660 20000 Broke 
10030 0.3709 0.0758 


= 
In tests on casting No. 2 (Table 3) the piece broke in the s: me 
manner as casting No. 1 and as shown in Fig. 17. Fig. 19 shows 
- graphically the rate of opening with increase of load. 
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7 DISCUSSION BY WALTER RAUTENSTRAUCH 


Tension-test specimens and compression-test specimens of. 
standard form were cut from each casting, as shown by dotted 
lines in Fig. 17, and tested in an Emery hydraulic testing machine of © 
200,000-lb. capacity (Tables 5 and 6). The results are plotted in | 
Fig. 2) and Fig. 21. The compression specimen from casting No. 1 | 
was ruined and could not be used. The results of the tests on the _ 
specimen from casting No. 2 are shown in Table 4 and Fig. 21. 

From the dimensions of the principal cross section of castings | 
Nos. 1 and 2, as shown in Fig. 17, the functions y; and ye of the 
Andrews and Pearson formula were computed graphically and checked — 
by analytical methods, giving y, = 1.126, y. = 0.119. The radius 
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Opening in Inches 


7" Fia. 1S) Rate or OPENING WITH INCREASE OF LOAD 


of curvature of the belly of the casting was found to be r = 3.75 in. 
The distance from the point of application of the load to the center of 
gravity of the principal cross section was found to be L = 9.3 in. 
The distance from the center of gravity to the point most strained 
in tension was found to be c = 1.8in. The area of the section was 
9sq. in. The moment of inertia of the section about the gravity axis 
was 1.72 biquad. in. The modulus of elasticity in compression was 
abou! 14,600,000 and the modulus of elasticity computed from the 
readings of the extensometer about 9,000,000 in the first case and 
abou in th 


. 


TABLE 4 COMPRESSION TEST ON CASTING NO. 2 


DItaMBETER OF SPECIMEN = 1 IN, 


» 
F _— Load Load per sq. in. TotalCompres. Actual Load Load per 6q. in. Total Compres 


10200 
11460 
12720 
18100 


fABLE 5 TENSION TEST ON CASTING NO. 2 


DIAMETER OF SpeciMEN = 0.503 LN. 


Actual Load Load per sq. in. TotalExtension Actual Load Load persg.in. Total Extension 


0.00000 3900 15000 0.00350 
0.00045 3500 0.00450 
0.00100 4000 0.00570 
0.00155 4500 0.00720 
0.00210 5000 0.01130 
0.00270 Failure 


_ TABLE 6 TENSION TEST ON CASTING NO. 1 


DIAMETER oF SPECIMEN = 0.506 IN. 


— 


Actual Load Load per sq. in. Total Extension Actual Load Load per sq. in. Total Extension 


0.00225 
2500 0.00305 
5000 0.00420 
7500 
10000 


Grips slipped at 4000lb. and the experiment was discontinued. 
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A 
0.00120 
500 637 0.00005 9000 9.00140 
1000 1273 0.00010 10000 0.00160 
4 1500 1910 0.00015 15000 0.00280 
2000 2550 0.00015 20000 25440 0.00380 
- 2500 3180 0.00020 25000 31800 0.00510 
3000 3820 0.00020 30000 38200 0.00690 
3500 4460 0.00035 35000 44600 0.00900 
4000 5100 0.00035 40000 51000 0.01200 
a 7 5000 6360 0.00055 45000 57400 0.01500 
- 6000 7650 0.00070 50000 63600 0.22000 
| 7000 8900 0.00090 89800 | 114600 Failure 
| = 
2500 
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1500 7500 
2000 10000 
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Load in Pounds 
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The extensometer used, which was one devised by the officers 
in the materials testing laboratory of Columbia University, is consid- 
ered more adaptable to measuring changes in the rate of stretch with 
load than the exact stretch at any particular load. This is especially 
true with short specimens such as were used in these tests. For 
this reason it is assumed that the modulus in compression and 
tension are approximately equal, although it cannot be proved }) 
these tests. 

For frames of these proportions, on the basis that the stress in 
the material is proportional to the strain and that the modulus of 
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elasticity in tension is identical with the modulus of elasticity in 
compression, and assuming n = }, the analysis of Andre ws and 


Pearson results in the following formulation 


where the notation is the same as that employed by P haitnaliee Jen 
kins. Substituting the values applicable to these castings, it is foun 
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Upon inspection of Fig. 18 it will be noted that casting No. 1 begins 
to change its rate of opening at some load between 2500 and 2750 lb. 
and accordingly the rate of stretch with load on the tensile test speci- 
men is predicted to change at a load between 7100 lb. and 7800 Ib. 
per sq. in. Reference to Fig. 22 will show that the change in the rate 
of stretch with load when the specimen was tested in tension took 
place at 7500 lb. per sq.in. Casting No. 2 begins to change at about 
14,150 lb. per sq. in. Referring to Fig. 21 it is seen that the change in 
the rate of stretch in the specimen when tested in tension takes place 
at about 13,750 Ib. per sq. in. 

According to the formula usually applied to such cases the fol- 
lowing results would be expected 


A 


I 


in which the symbols are as used by Professor Jenkins. For the 
particular dimensions of these castings the formula may be written 


S = 1.834 W 


For casting No. 1 this formula would indicate that for a tensile stress 
of 7500 Ib. per sq. in. a load of 4100 lb. would be required, while for 
sasting No. 2 in order that the tensile stress reach 13,750 Ib. a load 
of 7500 lb. would be required. A comparison of the results of these 
analyses with the experimental results is sufficient proof of the 
accuracy of the Andrews and Pearson formula. 

In regard to the statement made in Par. 5 relating to the value 
of Poisson’s ratio, it will be found that a change in this ratio from 0.25 
to 0.30 will not affect the result more than 3 per cent. 

Secause of the results of these few experiments and in view of 
the fact that Professor Jenkins’ method of experimentation and analysis 
was not adapted to proving any theory of stress-strain relations, it 
is believed that the case against the Andrews and Pearson formula is 
not proved. 

In conclusion, attention is called to the fact that the uncertain 
nature of cast iron and the impossibility of determining the effect 
of -hrinkage stresses and imperfections in the casting involve a con- 
sid-rable element of doubt as to the proper working stress to be al- 
low d, no matter what analysis of stress-strain relations is used. But 
the-- uncertainties do not justify the application of inaccurate form- 
ula for the determination of the relation between load and maximum 
inte sity of stress. In fact a more accurate analysis of the case as 
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seems to be given by the Andrews and Pearson formula tends to les 
sen the elements of uncertainty. 


FranK I. Exuis. I have always felt, as have my associates who 
have had considerable experience on this line of work, that the rela- 
tion of the ultimate strength of a curved cast-iron specimen to that 
of an attached test bar is a very difficult one to determine. We do 
not think anything can be gained by making sample curved sections 
such as carried out by the author of the paper, unless they are made 
full size. We have found that in comparing different-sized machines, 
for instance, one with a housing weighing approximately 9000 lb. 
against one with a housing weighing 40,000 lb., the relative values as 
compared with a test bar are not at all the same. We have made no 
special tests for several years, but carry out all our designing very 
much on the lines of the conclusion Professor Jenkins came to, that 
is, design‘ the member from the formula given in those conclusions 
and then correct to suit our experience. In other words, we figure 
as closely as possible and then make a further allowance. We com- 
monly use 2500 lb. and sometimes 2000 Ib. per sq. in. as a safe value 
for cast iron for the tension side of all shear housings. On other work 
we run up in some cases as high as 4500 lb., but in such machines as 
vertical shears, we would not think of using anything higher than 2500 


lb. 


Henry Hess. The real question at issue is not one of formulae 
at all. What should be considered is the yield point, in other words, 
the elastic limit. The real trouble is that the elastic limit of the mate- 
rial is seldom accurately known. There is now in existence a testing 
apparatus, probably not familiar to many, which makes it possible 
to recognize the absolute elastic limit of any structure in any mate- 
rial. This instrument is based on a law which is fairly well recognized, 
but only recently embodied in practical instruments. This law states 
that deformation is accompanied by a rise in temperature and that 
such rise is very marked at the point of change of proportionality be- 
tween stress and deformation. The instrument consists of a delicate 
pyrometer and a sensitive gold-leaf galvanometer and shows a sharp 
break in the recorded line when the elastic limit is reached. If the 
line starts at an inclination of 45 deg., the change in direction at he 
elastic limit is not gradual, but is an absolutely definite break to an 
inclination of say 30 deg. This eliminates all doubt as to ‘he 
exact value of the elastic limit. The small pyrometer may be clamped 
in any convenient way to any portion of such structure. 
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The ordinary formulae will apply when there is substituted for 
the element of inaccuracy, the value of the material constant, 
absolutely definite knowledge of its value. 


OBERLIN SmitH. In Fig. 23 herewith, which represents the out- 
lines of a typical C-shaped beam such as is used in many forms of 
press frames, AA is the ram axis along which the pressure acts to 
force the ends of the beam apart and NN is the neutral axis. My 
usual practice has been to make the depth of the beam at DD, D’D’, 
and D” D” such as to give equal strength on the line AA when calcu- 
lated by the cantilever beam formula, with LZ and L’L’ and L’”L” 
as the respective beam lengths. The breadth of these sub-beams, as 
they might be called, if uniform would be represented by BB in Fig. 


23 Typrcat C-SHapgp Bram 


24 or Fig. 25 and the formula would of course depend upon the shape 
of the cross section. If Iam in errorin this treatment of the subject I 
should be very glad to hear from others who have made a closer 
study of the matter. 

There is a tendency in a beam of this kind for the web to split 
longitudinally, approximately on the neutral line, due to the tensile 
stress mentioned in connection with section AG of Fig. 8. The writer 
has liad webs of presses split at S in Figs. 24 and 25 and somewhere 
along NN in Fig. 23. . 

There are many cross-sections for press frames, but the most 
usua! are shown in Figs. 24and 25. These are equally good as regards 
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resisting vertical stresses on the line AA (Fig. 25). In regard to tor- 
sional and lateral bending stresses, Fig. 25 has much the advantage. 
Presses are frequently subjected to other than the normal vertical! 
stresses on account of large dies striking the work irregularly, perhaps 
on one corner at a time, thus having a tendency to bend and twist 
the frame of the machine. Obviously, no better shape than Fig. 25 
could be contrived for all these stresses and, furthermore, such a 


Figs. 24 AND 25 Common Forms or Press FRAMES 


form of machine is much more beautiful, as well as more solid and 
rugged in appearance. The form shown in Fig. 24, however, is in more 
general use, doubtless because it is cheaper to make, both as regards 
pattern-making and molding. 


Fig. 26 Secrions or PuNcH AND SHEAR FRAMES 


— any case, the fillets shown at F (Figs. 24 and 25) should be 

made very large to avoid cracking in cooling as is very likely to happen 
on account of the massive tensile member joining the much lighter 
web. 


_ Witrrep Lewis. Thirty years ago puich and shear frames 
‘were made with a section as shown on the left of Fig. 26 herewith and 
they always split at AB. I came to the conclusion that the weakness 
in all such frames was in the web and I changed the form to that on 


: 


| 
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a the right of Fig. 26. I have never heard of a broken frame of this sec- 
tion. 


GUSSION 4 


There is no mystery about the breakage at AB, for if tension or 
compression is running in a given direction it cannot be deflected 
without putting a strain on the web, which must be strong enough to 
deflect these forces around the curve. The reason why curved beams 
do not develop their estimated strength is in my opinion simply due 
to the fact that no attention is paid to the section of web necessary to 
deflect the tensile stress in the flange. 

Tut Avurnor. In Professor Rautenstrauch’s tests of castings 
referred to in his discussion, deflection readings were taken, which 
when accurately plotted with a curve drawn through the points, show 
no sudden change in the proportionality between load and jaw open- 
ing; but in order to locate this point for comparison he uses two 
straight lines instead of a curve and, since it is possible to draw an 
infinite number of tangents and chords to a curve, he is able to get 
intersections anywhere he desires. 
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The lines he gives are in contradiction of such authorities on the 
elastic properties of cast iron as Kupffer,! Love,! Saint Venant,! and 
Professor Pearson,! as well as any well known authors on the strength 
of materials. Professor Pearson, who is responsible for the formula 
in question and should be satisfactory authority on this subject, 
states on p. 733 that “ Hooke’s law does not hold for cast iron even 
in the case of very small strains.” Professor Morley states that 
the clastic limit of cast iron is almost at zero. 

The I-beam shown in Fig. 29 was cast from the same heat as the 
curved specimens and was used in studying the resistance to hori- 
7on'al shear. This specimen was tested as indicated in Fig. 29 and the 
autvsraphie record is presented in Fig. 3°, which in no way suggests 
a su iden change in the rate of deflection similar to that shown in 


q ‘ » : ie . 
Pro! ssor Rautenstrauch’s diagrams. 


‘Hi story of Elasticity, by Todhunter and Pearson, Vol. 2, Pt. 1. seatiahaien 
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Broke 


Crack heard. 


Load in 1000 pounds 


0,3 


Detiection in inches 
:Fig. 30 Fouru-Sizep Autograpuic Recorp oF BEAM IN Fia. 30 


The elastic laws for cast iron are given in Par. 32 and Par. 33 snd 
when plotted show no point that will permit the use of Profes or 
Rautenstrauch’s method of analysis. 
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‘The sudden change in the rate of stretch of his test bars is easily 
accounted for by the fact that they were stressed to that point in 
testing the casting, it being known that an artificial elastic limit can 
_be given cast iron by previous loading.! 

The curves shown in Fig. 31 were drawn by the autographic 
recorder and are undoubtedly more accurate than those given by 
Professor Rautenstrauch. They show no elastic limit or yield point, 
as stated in Par. 29. 

lt occurred to the author to use Professor Rautenstrauch’s 
method of analysis, but investigation showed that it was not applicable 
to cast iron and had the following objections when used for steel: 

a The formula applies only to specimens with curved spines. 

b It is true only for one section of the specimen. 

c The load-deflection curve gives the total deflection or the 
deflections of an infinite number of sections. 

d The specimen may yield first at a section some distance from 
the one assumed by this method without detection. 

_ e It is possible for a casting to yield in the straight portion 

; similar to a straight cantilever beam while the calcula- 
tion is made fora section in the bent portion, which 
would be quite erroneous. 

From a theoretical standpoint there is no doubt about the 
accuracy of the Pearson-Andrews formula for stresses within the elas- 
tic limit of materials that obey Hooke’s law; but it is not true for cast 
iron, even for the smallest loads. If someone should substitute the 
exponential or parabolic laws for Hooke’s law in the formula, he 
would have reasons for his plea of defense when the formula is placed 
on trial. 

It appears to the author that Professor Rautenstrauch’s cal- 

culations based on the sudden change in the rate of stretch for cast 
iron, the existence of which is denied by the best authorities, and a 
formula based on an elastic law that is not true for cast iron, cannot 
be taken seriously. They were, moreover, applied to two test spe- 
cimens only; neither of which failed in the section for which the 
formula he used is applicable. On page 586 of Volume 31. of 
Transactions, he states that “the formula has not as yet been suftici- 
ently developed to determine its usefulness in establishing propor- 
tions for other than sections at right angles to the load.” Acc ord- 
. ing to this statement the formula does not apply to his test~ on 


' Trans. Am.Soc.M.E., vol. 17, p. 694. 
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cast-iron specimens because the maximum stress did not occur in a 
section at right angles to the load as is clearly shown by position 
of fracture. 

The author infers that Mr. Hess, in his discussion, proposes 
that we should make a critical study of the elastic properties of 
cast iron and modify our formulae to suit the actual conditions, 
which is a point well worth considering. The testing apparatus he 
mentions is probably that described by Mr. E. Rasch in a paper 
before the Copenhagen meeting of the International Association for 
Testing Materials. The use of this method involves the coeffi- 
cients of heat conductivity and radiation. 

Fig. 32 shows the forces acting on a very small rectangle at the 
point A in Fig. 33. The normal forces tt are due to binding, whereas 
the forces s, s, are due to vertical shear. Now it is easily seen that these 
two sets of forces would cause the rectangle to rotate and it is neces- 
sary to introduce the forces s, s, to effect equilibrium. Hence, the 
horizontal shearing forces s, s, must always equal the vertical forces 
8). 


An 


The total vertical shear on the section x distance from the sup- 
port, in Fig. 33, is 


whic: is the rate of change of the bending movement and is analogous 
to acceleration. The intensity of shear at any point in the section 
may be expressed by the equation 


‘ 
Fig. 32. Forces Actina at A (Fig. 33) 
zydy 
I 
7 i 


348 STRENGTH OF CAST-IRON PUNCH AND RIVETER FRAMES 


STRESSES IN I-BEAMS 


Uniform Load———~ 


Intensity of shear stress (7) 


DISTRIBUTION OF 
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Intensity of longitudinal tension 
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q = unit shearing stress at y distance from the neutral axis 
; Q = total shear on section 
2 


= breadth of section at y distance from neutral axis = 
I = moment of inertia 


The normal stress at any point in the section is determined by the 


_ My 


An idea of how the apparent stresses S and gq, are distributed over 
various sections of a rectanguler beam may be gained from the 
diagrams given in Fig. 4. 

The maximum resulting shear at any point due to the stresses 
S and q, is 


q 


and makes an angle 9 with the neutral surface such that 
S 
2q 


‘The principal unit stress at any pointis =~ 7 


aud makes an angle ¢ with the neutral surface such that 


S 


tan2¢@= — 
q 


The equivalent normal stress, namely, a linear stress that 
would produce a deformation equal to that actually produced by 
S and q is 


where \ is Poisson’s ratio. 

tig. 34 shows how the apparent and principal stresses are dis- 
tributed over a section of an I-beam, diagram A showing the vari- 
ation of the apparent stresses S and g and diagram B the variation of 


tan 20 = 
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the principal stresses S’, the direction of which may be found at any 
point by determining the value of ¢. Diagram B shows how the stress | 
at the juncture of the flange may be greater than the stress at the 
outer fibre. The value of q’ may also be sufficient to produce failure. 

The step in the curve shown in Fig. 30 is due to internal failure 
caused by the principal stress. 

The above discussion is applicable only to straight beams and 
does not pertain to the spine of a curved beam because of the absence 
of shear in that portion. This fact may be seen from the inspection 
of Fig. 35, which represents a C-frame consisting of a solid block C 
connecting the two straight beams A and B, which are made of two 
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pieces riveted together. The beams are subjected to vertical and 
horizontal shear, an‘! there exists a tendency to shear the rivets in 
them, but the piece C, although it may bend, is free from shear. 

In response to an inquiry! the author will state what mathemat- 
ical points are taken into account in one formula and not in the 
other. They differ essentially as follows: 

a The beam or Unwin formula merely considers the stress 
i due to bending and the direct pull of the load and is based 
on the same assumptions as the fundamental formula 
for straight beams. 
b The Résal formula takes into consideration the stress due 
to bending and the effect of curvature. 
__¢ The Pearson-Andrews formula considers the stresses due 
ss to: bending and direct tension, the curvature and lateral 
gontraction. 
= @. 
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They are all based on Hooke’s law and Bernoulli’s assumption, 
neither of which is true for cast iron. The assumption that these 
are true has been the source of weakness in all rational formulae for 
cast-iron beams, and all attempts to improve the formulae by lasing 
them on the actual laws governing the properties have been futile 
owing to the mathematical complications involved. 

Formulae 6 and 7 of the appendix are for castings having straight 
spines of rectangular cross-section. The value of K depends on the 
size of the casting, temperature of power, rate of cooling, and per- 
centages of silicon and carbon. For the specimens tested it bas a 
value of about 7.3. 


Dr. Sanford A. Moss 
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FINISHING STAYBOLTS AND STRAIGHT AND 
TAPER BOLTS FOR LOCOMOTIVES 


; By C. K. Lassirer,' Ricumonp, Va. 
of 


The locomotive boiler of average size contains about 1500 stay- 
bolts, the number varying from 1200 in the smaller sizes to 2000 or 
more in the heavier types. They vary in length from 43 in. to 103 - 
in. for the water-space bolts, which constitute about 75 per cent of 
the total number, to about 28 in. for the radial and crown bolts. 

2 Probably no part of the boiler is subject to more destructive 
conditions than these little staybolts. The most serious strains are— 
those due to expansion and contraction of the inner sheet, which — 
bend the bolts and cause them to break close to the outer sheet. — 
This is especially true of the side or water-space stays, which are | 
comparatively short and have very little flexibility. 

3 The material used is a high grade of refined iron, close-grained | 
and tough. The pitch being very important on account of entering 
the second sheet, these stays were formerly cut to length from the 
bar, drilled for centers, and threaded on engine lathes. The center- 
drilling was not always concentric and considerable time was required 
to center the rough bolt so that a good thread could be obtained. 
This method proving too expensive, bolt cutters were used for the 
work, but the results were not entirely satisfactory. It was difficult : 7 
to cut the threads full and smooth with one passage of the chasers and — if 
the second passage was taken at the sacrifice of pitch, as well as of = 
time, because there was not enough material to remove to carry the i Pe 
chasers along properly. The introduction of the lead screw in bolt © 
cutters brought about a very considerable improvement in pitch, a 
but still there was trouble in getting the thread smooth for the reason — 


‘Mechanical Superintendent, American Locomotive Co. 
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that the chasers were not always as accurate as the lead screw, unde: 
which conditions the threads would be rough or torn. 

4 About thirty years ago the idea was conceived of concaving tli 
bolts or reducing them in the center below the root of the thread. 
the object being to provide flexibility to compensate for the expan- 
sion between the inner and the outer sheets. Laboratory tests showed 
that a bolt reduced in the center would withstand about twice as 
many vibrations before breaking as one on which the threads were 
left straight for the full length. For many years it was the accepted 
practice to reduce a bolt in diameter on engine lathes after it was 
threaded in the bolt cutter and drilled for centers. (Figs. 1 and 2.) 

5 In 1900, Alonzo Epright, an engineer in the employ of the 
Pennsylvania Railroad, designed machines which were fully auto- 


Fic. 1 SquaRE END WaTER-SpaceE Stay (PLAN) 


in 


.2 Square Water-Space Stay (CoNncAvVE) 


matic in that they made from the bar, threaded and concaved, all 
diameters of side stays up to 10 or 11 in. in’ length. The 
author has no knowledge of the production of these machines «ni 
therefore can make no comparison of costs. 

6 The vertical type of machine for threading these bolts was 
used to some extent and it seemed that if the proper chaser could be 
made the best results would be obtained from this type of machine 
because the weight of the head would assist the chaser to give an 
accurate pitch. In the horizontal or bolt cutter type the chaser must 
carry along the vise and carriage to the detriment of accuracy in the 
lead. Also, the flow: of oil would assist in washing away the clips, 
which were troublesome in the horizontal machine. Furthermvre, 
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the vertical type of machine is more convenient to operate, one man 
attending six or eight spindles with ease. 

7 After a great deal of experimenting a die head was developed 
in which, with chasers properly ground, the limit of accuracy of 0.01 
in. in 8 in. can be maintained without the use of the lead screw, which 
is more nearly a perfect pitch than many staybolt taps in daily use. 
Where a proper lubricant is used a very fine, smooth thread can be 
obtained at a uniform cutting speed of 20 ft. per min. 

8 The turning or reducing tools are shown in Fig. 3, the cutting 
points being visible at the center, back of the chasers. To these tools 


| Fic. 3 Dre Heap ror THREADING STAYBOLTS 


are attached the crossheads KK, which are actuated by profilers or 
formers passing through the spaces LL, over which the head is drawn 
by the chaser, the staybolt acting as a lead screw. 

” The staybolt-threading machine is shown in Fig. 4. The several 
dic heads are attached by small rods to straps passing over the pulleys 
on a shaft at the top of the machine. The operator grasps one of 
th: strap handles with his right hand and, by the aid of the rotating 
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pulley over which the strap passes, raises the die head until it comes 
in contact with the bracket which closes the die. With his left hand 
he places the squared end of a staybolt in a holder underneath the 
die and allows the head to drop until the chasers begin to cut, when 
he moves to the next die head and repeats the operation. By the 
time he has placed all the heads in operation, the first bolt is finished, 
the die having dropped automatically when the threading was com- 

pleted. 


Fie. 4 SrayBoit-THREADING AND RepucING MACHINE, WITH SPECIAL 
GRINDER FoR Curttina TooLs 


10 In Fig. 4, the die head at the right is shown raised sufficiently 
_to insert the staybolt in place; the next at the left is just beginning 
to thread the bolt and the two other die heads are in still lower posi- 
tions. 
11 A comparison of costs by the two methods, taking a 7}-in. 
side stay as an average a, w vould be about as follows: 
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FORMER PRACTICE 


Threading-in bolt cutter, usually taking two cuts at $0.20........... $0.40 


PRESENT PRACTICE 


Present cost, threaded the entire length or threaded and concaved for 
all sizes and lengths, per hundred........................ $0.13 


Using the average number of stays, a saving of labor cost of $18.60 
2 . 
per boiler is obtained with a minimum of rejected stays. 


METHODS OF DRILLING STAYBOLTS 


12. The telltale holes which are drilled in the staybolts have been 
the eause of considerable expense and annoyance. Some railroads 
drill them after the stays are placed in the boiler, with pneumatic 
hand drills. Under these conditions there is danger that the hole may 
not be central. It often happens that the drill runs through into the — 
water space or is broken off in the hole. In either case it is necessary — 
to remove the bolts and put in others. Sometimes the holes are 
drilled on a vertical drilling machine before being placed in the boiler. 
Even then the breakage of drills is very large, averaging about sixtcen 
to the boiler, and each broken drill means a staybolt thrown away. 

13. An automatic machine has been devised for drilling these — 
holes before the stays are placed in the boiler. They are fed from a 
hopper and automatically centered in position for the drill. When 
the hole is bored about one-third of the depth, the drill is withdrawn 
and the bolt is carried forward in the turret mechanism which holds 
it to a second and a third drill, completing the thole. Each drill is 
0.01 in. smaller than the preceding one, providing for a minimum of 
friction and a maximum of clearance of chips. The holes are of 7 P an 
uniform depth and in the center of the bolt. The average ee >. ‘6 
is al ills » boiler 

s about three or four drills to the boiler. ve ai, 


COMPARISON OF COSTS 


Drilliag in the boiler, per hundred (to which should be added the cost 

of replacements)........ $0.90 
Drill! 1g under drill press, per hundred (to which should be added cost 

f drills and waste of materialand labor)............ dai.) (RE 
Dril! .g in the automatic machine, per hundred (with the minimum 

umber of broken drills and bolts destroyed).............. coe er 
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METHODS OF FINISHING STRAIGHT AND TAPER BOLTS 


14 The usual method of finishing straight and taper bolts for 
locomotives was to drill for centers, place in engine lathes, face under 
the head, turn the body taper, turn the part to be threaded straight 
and to proper size, face down the thread end to length and shape, 
leaving the center intact, test and file to accuracy, and cut off center 
point, after which the bolt is ready to be threaded in the bolt cutter 
and to have the hexagon head changed to any special shape desired. 

15 About 1889, S. M. Vauclain, Mem.Am.Soc.M.E., designed 
and used a turning head in connection with a vertical machine for 
bolts up to 12 in. long. Under rights obtained from him the 
vania Railroad placed an equipment of this kind in its Altoona shops 
and that is the only railroad known to the author using other than 
engine lathe methods in finishing bolts. 

16 Asagreat many straight and taper bolts used in locomotives 
are 12 in. to 20 in. in length and even longer, it became necessary to 
design for this work a turning head which would handle taper bolts 
up to 18 or 20 in. in length and up to 12 in. diameter of thread, and 
straight bolts in any length up to 27 in. and up to 23 in. in diameter. 
It may be quite possible to go beyond these dimensions should the spe- 
cifications require. These requirements have been met by a special 
machine of the vertical, multiple-spindle drill type, with which is used 
a special cutter head shown in Fig. 5. This head is the real or essen- 
tial means of producing these bolts, either straight or taper and cylin- 
drically true to the axis, the machine being simply a proper means of 
driving and feeding the bolt during the turning operation. 

17 The cutter head consists of a retaining shell of cast iron, the 
bore of which must be round and straight; six segments, three of which 
arerigidly fastened.to the shell, the other three having alimited amount 
of freedom and being fastened in place by a taper key with an adjust- 
ing screw located in the center of the radius with a bearing on the 
shell; and three blades, alternating with three guides, placed between 
the segments and backed up with taper keys and adjusting screws. 
The taper keys, in connection with a certain amount of taper on the 
blades and guides, have sufficient movement to provide for about one- 
eighth inch adjustment for re-grinding of the blades, or with the -ame 
amount on the guides, one-quarter inch in diameter of bolts. | will 


readily be seen that when an accurately ground plug gage of tlic size 


that it is desired to turn the bolt is placed centrally in the hea. , the 
blades and guides can be adjusted to their proper position. The ‘hree 
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C. K. LASSITER 
loose segments are then forced forward by the taper key, clamping 
the blades and guides rigidly in their proper working position. 

18 The economical use of this method of turning bolts, particu- 
larly in the railroad shops and locomotive works where taper bolts 
are largely used, necessitates a change of system. The usual practice, 
especially on repair work, has been to carry in stock only standard 
sizes of forgings, though in some cases the more common sizes were — 
placed in stock finished. With the engine lathe located near the loco- 
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motive being repaired, the bolts were fitted to the hole after the least 
possible amount of reaming had been done that would clean up the 
hole. 

19 The improved system contemplates the turning, faving under 
the head, and placing in stock of standard sizes in lengths of 6, 9, 12, 
15, and 18 in. and varying in diameter under the head by thirty-sec- 
onds f an inch. Stock may be kept in sixty-fourths of an inch if 
desir: i, but very few holes will be found which require less than thirty- 
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~ seconds of an inch to clean up. In fact, the chief reason for carrying 
the intermediate sizes would be to save the hole when it cannot be 
_ cleaned up within the next thirty-second. Standard reamers are used, 
with collars or marks to indicate when they have been driven to the 
required depth. All bolts have standard hexagon heads conforming 
to the thread diameter. The sizes of stock are given in ‘Table | 
20 Bolts are specified with relation to the length and the diameter 
under the head, and the stock size next longest is used. Under these 
conditions not more than 3 in. must be cut off to bring the bolt to the 
proper length. The stock bolts are then taken to the bolt-altering 
-machine, which is a quick-acting hand machine equipped with collet 
_ chucks and split bushings for the various diameters of the bolts. ‘The 
end may be cut off to the proper length and turned for cotter pins, 
and the head changed to counter sink, box head, button head, or whiat- 
_ ever may be required. After threading on the bolt cutter, the bolt is 
ready to drive in place without further fitting. 
21 A comparison of costs by the two methods, taking a 14 in.!)\ 9 
in. bolt as an average would be about as follows: 


ENGINE LATHE PRACTICE 
Cost per hundred 
Drilling for centers 
Turning in lathe 
Altering in lathe 3.50 
Threading in bolt cutter 22 


Pointing the blank 
Turning by the method described 
Cutting off and changing points and heads where necessary on the bolt- 
‘ 
7 Threading in the bolt cutter 


22 A device is now being perfected by which the threading can be 
done automatically at the same time the turning is done. This not 
only eliminates the bolt cutter charge of 30.22 per hundred, but 
assures a full, uniform thread absolutely in line with the body o! the 
bolt and square with the facing under the head. When used in con- 
nection witha nut faced squarely withits thread,the most satisfactory 
bolt is obtained. 

23 A combined turning and threading device implies a mo ified 
form of the cutter head previously described, underneath whi: hi is 
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8 Tareapep Diameters or Bouts 32 Diameters UnpeR THE Heap 


TABLE 1 STOCK SIZES 


Thread Diameter......... } i 1 lk 


Diameters under head... HH & #8 & 1 Iss lke 1% 


. 12 12 12 12 12 12 12 

15 15 15 15 

. i . 18 18 
Thread diameter ......... 1} 4 lf 


Diameter under head..... Ife 144 18 1H 1 


99 9 9 9 9 
ne | ) 15 15 15 15 15 16 158,15 15 15 15 165 15 18 15 15 
18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 


attached a die head of special construction. This die head is carried 
on four or more vertical rods or guides which are attached to a ring 
to which the cutter head is fastened. Provision is made for squaring 
the die head with the cutter head at the time it begins cutting the 
thread, and at the same time automatically placing the die head in a 
position where it is free to move in a vertical plane up or down in 
exact proportion to the difference between the feed and the pitch of 
the thread to be cut. An automatic knock-out is provided which 
opens the die head and passes to one side, allowing the threaded 
bolt to go through to any length ‘within the feed of the machine 
Under these conditions it will be seen that so long as the length of 
the thread to be cut is the same, the length of bolt to be turned is 
immaterial. The device is very simple in its construction and does 
not call for a skilled mechanic to adjust or operate it. 
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GAS ENGINES FOR DRIVING ALTERNATING 
CURRENT GENERATIONS 


H. G. Retst, Scnenectapy, 


a Member of the Socicty 

The problem of driving an alternating-current generator by means 
of a gas engine is not inherently different from that of driving it from 
a steam engine. If the shaft of the engine turned with a uniform 
motion, no difficulty would be experienced and no special design 
would be necessary. It isthe variationsinangular velocity and speed 
that affect the driving of alternators. 

2 If the current of a single generator is used for lights or for heat- 
ing, as in electric furnaces or in electrolytic work, variations in ve- 
wwcity either during a single turn or due tothe hunting of the governor 
will simply inerease and decrease the load as the speed varies. If 
induction motors are driven from a single generator, it is only under 
peculiar circumstances that any trouble is experienced due to speed 
variations in the engine, because this type of motor is asynchronous 
and does not have to follow exactly; it is as if it were belted to the 
engine, the connection being slightly flexible. 

3 A synchronous motor or rotary converter, on the other hand, 
must keep in phase and behave as though geared to the engine, and 
must respond to all its speed variations. If it does not keep abso- 
lutely even, that is, if its phase relations change, cross-currents will 
flow. When two or more generators are operated in parallel, their 
behavior is similar, any angular departure of one from the other 
causing a cross-current. The volume of the cross-current depends, 
with any given design of generator, on the angular departure of the 
generators from each other. This departure may be twice the angu- 
lar variation of the engine rotating parts from a mean position, be- 
caus’ one may be a maximum distance ahead while the other is in 
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4 If the generators were mounted on the shaft so that the rela- 
‘tions of the poles to the cranks were identical, and if it were possi! |o 
so to synchronize them that the corresponding cranks of engines (0 
be run together were exactly together, no cross-currents would flow, 
because the engines would slow down and speed up together. This 
is not feasible, however, and it becomes necessary to design the en- 
gine so that it will to run with a fairly uniform rotation. It has 
been found good practice to limit the variation from a mean position 
of the revolving parts of the electric generator to 1} electrical degrees. 

5 An electrical degree is ,{ part of the space occupied by two 
poles on a generator; that is, a two-pole generator is the unit and an 
electrical degree is one mechanical degree of such a machine; if the 
generator has four poles, an electrical degree will be one-half a mechan- 
“ical degree of the circle on which the poles are mounted; if there are 
6 poles, it will be one-third of a mechanical degree. In general, to 
reduce electrical degrees to mechanical degrees, we must divide thie 
allowable variation by one-half the total number of poles on the gen- 
erator; so that the 1} electrical degrees mentioned above for a 20- 

_ pole machine would be 0.125 actual degrees on the circumference of 
the flywheel. From this it is evident that with a generator of many 
poles, a more even speed is needed than for one with few poles. For 
a 60-cycle generator, which at a given engine speed has 3% as many 
_ poles as a 25-cycle generator, the evenness of running must be much 
greater than for a 25-cycle generator. 

- 6 The cross-currents between two electrical generators tend to 
speed up the lagging machine, bringing them more closely into syn- 
chronism. If there were no inertia the rotating parts of generator 
and flywheel would quickly get into synchronism, reducing and almost 
eliminating the cross-currents. This is, however, an ideal condition. 
The cross-currents are a factor of the amount of inertia with a given 
natural angular variation, and it will readily be seen that from this 
standpoint the larger the flywheel the less effect a given value of cur- 
rents or torque will have on the mass. If the flywheel is very large, 
the currents which it may be practical to allow to flow between the 
machines may not be able to draw them together at all. Hence a 
large flywheel, while useful in obtaining uniform rotation, so far as 
the engine is concerned, prevents the current flowing between ‘lie 
machines from being very effective in drawing them into synclirin- 
ism. This shows that it is desirable to obtain uniform rotation in 
other ways than by the use of an excessively heavy flywheel. (ur- 
rents flowing between machines occasion losses in the copper and (ils 
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adds to the heating of the machine. They thus reduce the output 
with a given rise of temperature and reduce the efficiency. 

7 Certain elements of design may be introduced into anelectrical 
generator to make it less sensitive to slight variations in turning 
moment supplied by the engine, such as building a generator of poor 
regulation. The regulation must not be too poor, however; other- 
wise the operation of the system will be unsatisfactory. A “‘squirrel- 
cage” winding in the poles of the generator allows secondary currents 
to flow in this part of the structure and increase the torque, tending 
to draw the generators together with a given interchange of current 
between the two machines. This is of great assistance in parallel 
operation of generators and should generally be applied on generators 
to be driven by gas engines. If a flexible connection could be pro- 
vided between engine and generator it would greatly assist in satis- 
factory parallel operation, but this connection is generally applicable 
only on small machines. The ultimate solution lies in the direction 
of greater uniformity of motion in the engine itself. 

8 Uniformity of rotation of gas engines is dependent on a number 
of elements of design, such as (a) the number of impulses per revo- 
lution, which in turn is dependent on the number of cylinders and 
arrangement of cranks and on whether a two or a four-cycle system is 
used; (b) the compression and weight of the reciprocating parts; (c) 
the time of ignition; (d) the weight of the flywheel. The use of a 
heavy flywheel, however, while one of the simplest, is the least de- 
sirable method of obtaining even rotation of the engine shaft, and 
other means should be used to obtain as uniform rotation as possible. 

9 The following seem to be the desirable characteristics of gas 
engines for driving alternators: 

a High speed. This will require fewer poles with a given fre- 

quency and a greater angular variation will be allowable. 

b A light flywheel. This will allow the current to keep the 
generators together with a minimum disturbance. 

_¢ Large engines should be built with many cylinders and 

-_ eranks so placed as to contribute to an even turning 


moment. 
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on: of the most important conclusions in his paper, that contained 
in ar. 6, in which he states that “if there were noinertia, the rotating 
par's of generator and flywheel would quickly get into synchronism, 
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reducing and almost eliminating the cross-currents.”” The truth of 
this statement depends entirely upon the definition of cross-currents. 
It is usually understood that if the flow of energy from all of the alter- 
nating-current units in parallel is not essentially the same at all times 
there are said to be cross-currents. If this definition is accepted, Mr. 
Reist’s statement is entirely unfounded. It is obvious that the flow 
of energy from a gas engine or any reciprocating engine is not uni- 
form., There are some instances when it is a maximum, others 
when it is a minimum and in some cases it is even a minus quantity, 
as for instance when compression is taking place. If there were no 
inertia in the gas engine the flow of energy from the alternator into 
the circuit would be just as uneven and differ just as much from the 
uniform flow as the generation of this power within the cylinders. 
The fact that a gas-engine-alternator combination possesses inertia 
introduces another element into the energy flow equation. With 
inertia the rate that energy flows into the circuit is equal to its rate 
of generation minus its rate of storage in the reciprocating and rotat- 
ing parts. By designing these parts properly the flow of energy into 
the circuit can be made much more uniform than its rate of generation. 
If gas engines and their generators could be built without inertia the 
condition that would then obtain would be far from ideal, as Mr. Reist 
states. In fact, the phenomenon which we know as cross-currents 
would be much larger if inertia were entirely absent than in the 
ordinary cases with which we have to deal. 

Mr. Reist also makes the following statement with which | 
cannot agree: “If the flywheelis very large the currents which it may 
be practical to allow to flow between the machines may not be able to 
draw them together at all.” While this may be true as an isolated 
statement, it has no bearing upon the problem in hand. With very 
large flywheels there would be no occasion for large currents to flow 
between the various units in parallel. In general, the larger the fly- 
wheel the more uniform will be the rotation and therefore the more 
uniform the flow of energy from that combination as compared wit! 
its rate of generation. Hence what we know as cross-currents will 
be reduced to a minimum. 

There is one very important element in parallel operation of 
alternators which Mr. Reist neglected to mention. If any generator 
is displaced from its normal position in its magnetic field, a force 
equivalent to a spring at once acts to return it to the norma! 
position. The greater the departure from normal position the great 
will be the force acting to return it. Any mass which contains suc! 


: 
7 
Le 


an element has a natural period of vibration. In the combination of 
alternator and engine the natural period of vibration will depend 
upon the inertia of the moving parts and the electrical and magnetic 
characteristics of the generator. If the impulses imparted to this 
mass by the engine are in resonance with the natural period of vibra- 
tion, a state of affairs will exist which makes it very difficult and 
sometimes impossible to operate alternators in parallel. It is exceed- 
ingly important, therefore, in designing gas engines andthe connected 
alternators to make sure that the natural period of vibration of the 
rotating parts of the combination is not in resonance with the impulses 
which may be imparted by the gas engine. 

Another thing which Mr. Reist neglects to mention is the possi- 
bility of missing engine power strokes. It is usual to design flywheels 
on gas engines so that the departure from uniform rotation wil] not 
be excessive even when a power stroke of the gas engine is missed. It 
is evident that if the flywheels are made large enough to take care of 
this contingency there will be more than ample capacity when the 
explosions are taking place uniformly. So long as normal conditions 
obtain, that is uniform explosion, the normal operation of gas engines 
in parallel is usually better than that of steam engines in parallel. 


Tue Auruor. Mr. Lincoln’s criticism regarding cross-currents 
on generators is apparently a matter of definition. Cross-currents 
flow between generators from a number of causes, such, for instance, 
as the difference in wave shape of the several machines, or differences 
in excitation and currents flowing between the generators due to the 
generators being out of phase. The first two are so-called wattless 
currents and the last is energy current. This is the class of cross- 
currents to which I had reference in my paper. It does not seem to 
me that the fact that the flow of energy from the engines is not uni- 
form would necessarily establish cross-currents between the machines. 
It would simply mean that as a generator runs more slowly it gives 
up less power to the system than when running faster. 

[ agree with Mr. Lincoln that in general the larger the flywheel 
With any given engine the more uniform will be the rotation, yet I 
believe it is also true that if there is any tendency for the sets to hunt, 
the larger the flywheel the greater will be the cross-current that will 
flow between the machines and the greater will be the electrical dis- 
tur>bances. The natural period of vibration must be avoided in the 
des'vn of the flywheel and it must be large enough so that the missing 
of » power stroke is not serious. These difficulties may, however, be 
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corrected by having many cylinders and thus more impulses per 
revolution, as well as by having a heavy flywheel. In respect to the 
point under discussion, I would consider that engine the best which, 
with a given degree of variation from uniform velocity during any 
given revolution, uses the lightest flywheel = aad 
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OPERATING EXPERIENCES WITH A BLAST. 
FURNACE GAS POWER PLANT : 


By Hernrica J. Freyn, Cuicaco, 


Member of the Society 
4 

The use of blast furnace gas engines in this country was first under- 
taken in 1902 by the Lackawanna Steel Company at Buffalo, followed 
four years later by the United States Steel Corporation in several 
of its plants. The import of the problem of utilizing the surplus 
gas may be realized by considering that eleven million tons of pig 
iron were produced in 1909 by the United States Steel Corporation, 
and that for each ton of iron made per day, 25 b.h.p. is available for 
purposes outside of the power requirements of the blast furnaces, 
provided this power is itself produced in gas engines. If, therefure, all 
the blast furnaces of the corporation were blown by gas blowing- 
engines and all other furnace requirements furnished by gas-electric 
engines, 750,000 b.h.p. would be available for other purposes. 

2 In 1907 there were installed at one of the largest steel plants in 
this country, four Allis-Chalmers double-acting, four-cycle, twin tan- 
dem gas engines, gas cylinders, 42-in. diameter, 54-in. stroke, operat- 
ing 2000-kw., 25-cycle, 3-phase, 2200-volt, alternating-current genera- 
tors at 83.3 r.p.m. This addition to the existing steam-electric equip- 
ment was completed in 1908 and the electric power produced by these 
gas engines is used for electric-driven rolling mills and general light 
and power purposes. The gas-driven generators operate parallel 
with the adjacent steam units and with other gas-driven generators 
located 20 miles away. 

3 The gas engine plant under discussion has been in regular 
service for one and one-half years, during which period the experiences 
and results described in the following pages were obtained.! These 


“these experiences and records were compiled with the able assistance of 
Chas. C. Sampson, Mem.Am.Soe.M.E. 
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were not gathered from the indications of one single experiment, or 
of a series of carefully prepared and conducted tests, but represent 
the average results of daily observations extending over one year’s 
time. Since the degree of correctness depends on the accuracy of 
observation and care in recording the results of persons having vari- 
ous degrees of practical and technical training, inaccuracies entailing 
puzzling inconsistencies may have crept in and the data presented 
may not in every instance withstand the test of searching criticism; 
nevertheless it is believed that such information, derived from actual 
operation, will prove of more interest to the engineering profession 
than unassailable data obtained under test conditions. 

4 The gas supply for the operation of all the gas engines of thie 
plant is taken from six blast furnaces, all of which in 1909 were blown 
by steam blowing-engines, while the electric power for the plant was 
derived from both steam and gas-driven generators. This plant is 
therefore a so-called “ mixed’’ plant, so far as the generation of power 
is concerned. 

5 The quantity of blast furnace gas available for the operation of 
gas engines was therefore considerably less than when four of 
these furnaces are blown by gas blowing-engines. Because of the 
general business depression at the beginning of 1909, only three, and 
in the months of March and April only two, furnaces were in blast. 
Normal conditions were resumed about May or June, while all six fur- 
naces were in blast during the months of September and October only. 


CONDITIONS OF INSTALLATION 


6 The gas power station in question was conceived in 1905, and 
all preliminary calculations relative to the amount of gas available 
for operating gas engines were naturally based on the conditions 
existing at that time, making the proper deductions for reduced gas 
production due to furnaces being out of blast for relining. Careful 
investigations showed that in 1906, 10 per cent of the total gas pro- 
duced by six blast furnaces, equivalent to 10,200 kw., was available 
for use in gas-electric engines. The installation of 8000 kw. in yas 
engines seemed therefore fully warranted, particularly as it was 
expected that two gas blowing-engines simultaneously ordered would 
be in operation after November 1907, in which case the gas sur} lus, 
even with only five furnaces in blast (one furnace down for relining) 
would have been more than ample for the operation of four 2000-\w. 
gas-electric units. It could not be foreseen that business conditions 
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would change so radically in 1908, nor that the two gas blowing- 
engines would be so delayed, that for three years the saving of gas, 
which would have materially improved conditions for the electric 
units, could not be realized. a 
7 While the logical way to begin would have been with the instal- 
lation of a number of gas blowing-engines, instead of first taking gas- 
electric engines in operation, increasing instead of reducing the avail- 
able quantity of blast-furnace gas, such a procedure was impossible 
because of the immediate demand for increased electric power created 
by the installation of new electrically operated mills, as well as on 
account of local conditions of steam supply for the furnaces, which 
at that time prohibited the removal of a large boiler house, now 
occupied by the new gas blowing-engines. From the circumstances, 
however, that gas-electric engines were installed before any gas 
blowing-engine equipment existed, and that this power plant, as it 
so happened, had to be operated for almost two years under the most 
unfavorable and exacting conditions, a great deal of most valuable 
experience was gained, in that it was found that such a power plant 
could be maintained in operation—although with 
with only two furnaces, and for a short period even with only one fur-— 
nace in blast. _ 
OUTPUT OF POWER PLANT = 


8 In Appendix No. 1, Table 2 sgows the average kilowatt-hour _ 
produced by the gas power plant for each month of 1909, from which _ 
it appears that the average for the year was 5760 kw-hr., or 72 per 


cent of the total capacity of the plant, and this average for various as 
months varied from 66.5% to 74% with two furnaces, 61.5% to 80.5% % 


with three, 69% for four, 64% to 825% with five, 68.5% to 78% 
with six furnaces in blast. While during the first few months the num- 
ber of furnaces in blast was very limited, the total output of the sta- a 
tion was nevertheless not affected very materially. In fact, in the : 
month of March, when only furnaces No. 1 and No. 2 were in blast, 

74%, of the total capacity of the plant was produced, a higher figure 


than the average output of the plant for the whole year. 


\ record is being kept as correctly as practicable of all shut- 

vn» and their causes. Table 3, in Appendix No. 1, gives the 
mont/ily averages, as well as the percentages of operating time and of 
»st chargeable to the engines, and due to outside causes. The 


= 
HEINRICH J. PREYN 371 
4 4 
> 
3 
’ 
t q 
iS 
1% 4 
4 4 
ma 
i= 
A 
® 
> 


BLAST FURNACE GAS POWER PLANT 
me 


power station is considered in this table as one unit, and the figures 
are averages applying to the four engines. 

10 In Appendix No. 1, Table 2 gives the average month!) 
operating time of the station for the whole year, from which it appears 
that the average for the year was 77% of the total possible time, 
14.2 % and 8.8% being the percentages of the time lost due to engine 
repairs and to outside causes beyond control. The respective figures 
for the first four months of the year show that the operating time from 
January to April was much lower than during the rest of the year, 
the lowest figure being 57% in January. However, the month of 
March with 71° shows again the noteworthy fact that with only 
two furnaces in blast the operating time was higher than the average 
for the first half of the year. This was made possible only by shut- 
ting off the boiler houses almost entirely. With the boiler houses off, 
blast furnace No. 1 made more gas than the gas engines, the stoves 
and one small boiler house could use, so that one bleeder at the fur- 
nace had to be kept open. During casting periods the engines were 
operated on the gas tank. In this manner operation was kept up for 
one whole week. The time lost chargeable to the engines is considerable 
for the first four months, due to the fact that owing to the uncertainty 
of sufficient gas supply under the existing conditions of furnace oper- 
ation certain repairs and alterations were made on the engines, which 
otherwise would have been distributed over a longer period of time. 
It is to be noted that any time Yost is rigorously charged against the 
engines if the latter for any reason are not ready to resume operation 
at any moment. 

11 The time lost due to outside causes was particularly heavy in 
the first four months of the year, varying from 114% in April to 193% 
in February. In the records the lost time chargeable to outside causes 
is subdivided into losses due to operation of the plant, such as line 
troubles, or output not required, etc.; and losses due to lack of gas. 
This particular information is given in Table 4, Appendix 1, where- 
in the plant is again considered as one unit. Shortage of gas was 
responsible to the greatest extent for lost time from outside causes in 
the first four months of the year. In January this figure was as high 
as 94.5%, and while the average for the first half of 1909 excveds 
60%, the corresponding figure for the second half of 1909 is only 3“%. 


CONSIDERATIONS OF SAFETY WHEN THERE IS SHORTAGE OF GA: 


12 Although the difficulties which were experienced in this period 
by the frequent inability of the blast furnaces to supply sufficient gas 
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to maintain operation of the whole plant, without heavily firing coal 
under the boilers, had no serious effect on the gas power plant, one 
important question was in the minds of all during this period, namely 
the safety of the installation. Antedating only a few months this 
period of gas shortage, a serious accident had happened at another 
plant where through lack of gas while only one furnace was in blast, 
the preliminary cleaning plant, the gas holder and parts of the pipe 
line conveying gas to the engines, exploded with disastrous effect. 
This accident caused a great deal of uneasiness and alarm in other 
gas-engine plants where several furnaces were out of blast. 

18 A gas power plant is endangered in two ways by lack of gas, 
either from collapsing of the gas holder bell or from explosion. In 
modern gas-cleaning installations, the so-called secondary washing 
plant, which refines the gas for use in engines, is usually equipped with 
some kind of rotary washers. Certain washers of this type, such as 
the Theisen, can give a vacuum of 3 in. of water, and a discharge pres- 
sure from § in. to 10 in. higher than the positive or negative pressure 
on the suction side. The washers deliver the gas to a gas holder 
under variable pressure dependent upon the raw gas pressure, while it 
is the principal object of the gas holder to maintain a constant gas 
pressure at the gas engines, irrespective of what the pressure at the 

last furnaces or in the gas-cleaning plant happens to be. As long 
the pressure of the gas, and therefore its quantity, is sufficient to 
ow the rotary washers to keep the gas-holder bell floating; in other 
rds as long as balance exists between the demand for gas on the 
rt of the engines and the supply from the furnaces, there is no danger 
the installation. 

i4 If the gas supply falls below the demand, the volume of 

s in the holder will cover the shortage within the limit of its 

pacity and until the bell, descending completely, rests on its landing 

‘ums. The rotary gas washers will then continue to operate, creat- 

x a depression in the gas conduits by which they are connected to 

« gas main at the furnaces. The latter is virtually a large gas 

ceiver into which all blast furnaces discharge their gas, and which 

‘urn supplies the hot-blast stoves, the boilers, and the gas-cleaning 

wit. The vacuum created by the rotary washers will naturally be 
monunicated to this main gas flue, but cannot be maintained as the 
verheard flue is connected with the atmosphere through hot-blast 
o\s and boiler stacks. Air will therefore rush into this flue and into 
 vas-cleaning plant and be drawn into the rotary washers to- 
‘thor with whatever gasis supplied, and discharged into the gas holder. 
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As long as these conditions exist, the gas-holder bell is not in danger 


of collapsing, but there is imminent danger from explosion to th 


_ whole plant. Rotary gas washers do not discriminate between gas and 


air, and continue to operate, filling all gas flues, gas holder and engin 
connections with a mixture of gas and air which under certain con- 
ditions is highly explosive. Should backfiring occur in the gas engines 
when receiving a mixture of gas and air instead of pure gas; that is, 
should the fresh incoming charge accidentally be ignited, conse- 
quences would be as prompt as disastrous —the air and gas mixture 
in the pipe system would explode, possibly wrecking the whole instal- 
lation by a series of explosions. 

15 This is precisely what did happen in the accident mentioned, 
and profiting by this experience steps were taken to prevent the oceur- 
rence of such an accident atthe plant under discussion. Power house, 
gas-washing plant and blast furnace office were connected by two inde- 
pendent telephone lines, and recording instruments, in addition to 
ordinary U-tubes, were installed in the washer building and at the 
blast furnace office, so that not only may the gas pressure be observed 
at any time, but it is automatically recorded for each period of 24 
hours. Moreover an automatic alarm was installed at the blast 
furnace office, which rings a bell as soon as the gas pressure in the 
raw gas descends below a certain danger point, and whistle signals 
operated by solenoids from the blast furnace office were provided in the 
boiler house to inform the head fireman of the number of boilers 
to be ‘‘taken off” or put on gas. In addition an automatic bell was 
placed in this boiler house, calling the operators’ attention to any 
drop below normal in the gas pressure. 

16 Independently of the blast furnace department, the gas- 
cleaning plant operators were also carefully watching the gas pres- 
sure. The position of the gas-holder bell was made visible at any time 
by a system of incandescent lamps in the washerhouse, and strict 
orders regarding the use of the gas were issued by the blast furnace 
superintendent, instructing the men to favor the gas engines uncer 
any circumstances, as it was fully recognized that having taken care 
of the requirements of the hot-blast stoves, the remaining gas could 
not possibly be more efficiently utilized than in the gas engines. Tlic 
practice was to shut off the gas immediately at a certain number of 
gas-fired boilers, as soon as the pressure in the overhead gas |\\e 
dropped below a predetermined point. Additional boilers were taken 
off if the gas pressure did not recover, so that sometimes as man) :s 


24 boilers were being fired by coal exclusively. If this did not have 
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the desired result, stoves were taken off for short periods to increase 
the gas pressure above the danger point. At last, if all these steps 
did not improve the situation, one or more gas engines were 
shut down. 

17 Fortunately in the majority of cases the blast furnace operators 
know in advance if the gas supply is likely to fail, and communication 
could easily be established to warn the departments concerned of 
the impending gas shortage. The diagram, Fig. 1, plotted from a 
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1G. 1 DraGram PLorrep From Bristot CHarT SHOWING GAs PRESSURE 
WHERE THE Gas ENTERS THE GAS-CLEANING PLANT 


‘istol chart representing a 24-hour record of the gas pressure at the 
int where the gas enters the gas-cleaning plant, is a good illus- 
ation of the conditions existing on many occasions. 

1S The system of close observation and of codperation among the 
‘partments concerned worked to perfection, but nevertheless con- 


tions existed at times which with all due optimism had to be called - 
t uverous. It was frequently necessary to keep several gas engines 7 
iniing, with the gas pressure dropping below the danger point 7 
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momentarily or even for periods of a few minutes. This was unavoid- 
able if the operation of certain departments dependent upon a supp!) 
of electric power was to be maintained with any regularity. If the gas 
engines had been shut down every time a momentary drop in pressure 
occurred, it would often have meant an endless amount of shutting 
down and starting of engines, altogether too frequent for satisfactory 
operation of.the mills, and physically impossible for the gas engine 
operators. 

19 The question whether an automatic safety device should be 
installed at the power plant under discussion was thoroughly consider- 
ed and such devices were investigated; but it was decided that the in- 
stallation of costly safety appliances, which were certain to become 
inoperative with the normal number of furnaces in blast, was not 
warranted, as the conditions of gas shortage were exceptional and of 
temporary nature only. Besides, automatic safety devices, no matter 
how ingeniously designed, are never “fool proof,”’ and have the rep- 
utation of operating without cause and of failing to act when needed. 
A further drawback is the tendency to over-confidence in the infalli- 
bility of a safety device. In this respect gas-cleaning plants should 
be classed with boiler plants, where the “human element”’ cannot 
be eliminated, and safety depends ultimately upon the rigid enforce- 
ment of certain established regulations. Responsible operators can 
use good judgment which automatic safety devices do not possess 
to decide whether shutdowns are necessary when low gas pressure 
occurs, possibly for a moment only. This was proved time and time 
again at the plant under discussion. 

20 If such safety devices are considered necessary, however, the 
arrangement of automatic circuit breakers to shut off the power at tli 
rotary washers, and simultaneously interrupt the ignition circuit o! 
the gas engines, is decidedly better for safeguarding the plant than the 
installation of butterfly or check valves between rotary washers «nd 
gas holder, which shut off delivery under the control of the gas pres- 
sure. While in both cases the aspiration of air by the rotary was|iers 
is effectively prevented, the former device protects not only the gas 
cleaning plant but also the gas holder, while the latter may caus 
collapsing of the holder bell by isolating it from the gas supply. 


QUANTITY AND QUALITY OF GAS SUPPLIED TO ENGINES 
21 The amount of gas produced by each blast furnace is caleu! ‘ed 
and distributed in proper proportion among the different plac: ~ vo! 
its consumption. Monthly gas-distribution sheets give a recor! v! 
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the average daily tonnage of each furnace, the kind of blast, whether 
natural or dry, the kind of coke used and the coke consumption per 
ton of iron; further, the average gas analysis for each furnace based 
on daily determinations of continuous 24-hour samples, the heat value 
per cubic foot at 62 deg. fahr. and including the sensible heat of the 
gas at 500 deg. fahr., the temperature of the air at the blowing engines, 
the number of cubie feet of air blown per minute, and the average 


blast pressure. From these data the quantity of gas produced by 
e each furnace per minute is calculated according to methods given in 
Appendix No. 2. The distribution of the gas from one blast furnace 
based on such calculations is given in the accompanying table (Table 


| herewith), reproduced from data given in Appendix No. 2. : 


TABLE 1 DISTRIBUTION OF GAS FROM BLAST FURNACE NO. 6 
Avavusr 1909 


Million B.t.u. Per Cent 
otal used for blast furnace operation........ ituekeacacees 235.7 72.6 
B.t.u. surplus for furnace...... _ 88.4 27.4 
1.p. equivalent of 1470 


22. An excellent practical indicator of the gas quantity available 
r engine operation is the gas pressure at the cleaning plant. With 
ore than three furnaces in blast the pressure is always sufficiently 
ch to make operation of the gas power station perfectly safe. Fig. 
shows the average monthly gas pressure at the main water seal 
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where the gas enters the cleaning plant and in the fine gas main after 
the secondary washers. 

23 While the quantity of blast furnace gas was subjected to con- 
siderable variation due to the generally unfavorable conditions which 
existed in the early part of 1909, the quality of the gas was also found 
to vary materially, so far as its chemical composition and heat value 
were concerned. These were influenced not only by changes in the 
furnace burden and by the kind of product, whether basic iron, Besse- 
mer iron, spiegeleisen or ferrosilicon, but by other causes to which 
variations frequently recorded from hour to hour, could, to a large 
extent, be traced. The blast furnaces discharge their gas into one 
common overhead gas main supplying stoves, boiler houses and gas 
engines. The intake for the gas-cleaning plant is located between fur- 
naces No. 2 and No. 3, dividing the total length of the overhead flue 
in the proportion of one to two, approximately. In view of this cen- 
tral location of the intake nozzle it was expected that by mixing the 
gas from these furnaces a fairly uniform quality, representing the 
average of all six furnaces, would be obtained for engine operation. 
Due to the location of the boiler houses, however, this uniformity of 
mixture could not be realized. 

24 Fig. 3 shows the existing conditions previous to May 1909, and 
before the boiler plant for four blast furnaces was abandoned in order 
to make room for the new gas blowing-engine house. The tall boiler 
stacks caused a flow of gas from furnaces No. 1 and No. 2 to the boiler 
house situated at the west end of the flue, while the gas from fur- 
naces Nos. 4, 5 and 6 went to two large boiler houses located at the 
opposite extremity. The gas-cleaning plant received, therefore, almost 
exclusively gas from furnaces No. 2 and No. 3 or from No. 3 alone, 
while No. 2 was out of blast. This was proved beyond any doubt by 
frequently comparing the chemical analysis of the gas delivered at the 
power station with the analyses of the gas of the individual furnaces. 

25 Thus for the month of June 1908 the average composition of 
the gas from blast furnaces Nos. 1, 3 and 4, which are in close proxim- 
ity to the gas-cleaning plant intake, was as follows (blast furnace No. 
2 being out of blast and blast furnace No. 4 on spiegel) : aah | 
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The average composition of the 
same period was: 


= 


er) 
26.64 3.2 


The analyses of the gas of blast furnace No. 3 and the gas at the 
power house, coincide very closely, establishing proof that during this 
time this one furnace was furnishing the gas for the engines almost 
exclusively. 

26 Since abandoning the boiler house for blast furnaces Nos. 1 
to 4, which now receive steam through a 14-in. steam line from the 
boiler house at the east end, all gas from furnaces Nos. 1, 2 and 3 is 
being delivered to the gas-cleaning plant, with the exception of a 
small portion which goes to a small boiler house at the west end, while 
the gas of the remainder of the furnaces flows in the same direction 
to the boiler houses of furnaces Nos. 5 and 6 and the electric station. 
To illustrate the present condition of gas distribution, comparative 
data were compiled, given in Tables 7 and 8, Appendix 2, which 
give the averages of gas analyses and heat values of the individual 
six furnaces, all of which were in blast in September 1909, and the 
average composition of mixtures of the gas from various furnaces | 
calculated from the former. For the same month when these aver- 
ages were taken the average composition and heat value of the gas 
delivered at the power house were: 


4s 


CO, co © 


10.03 29.80 3.77 2.98 108.70 


Comparing this analysis with the mixture characteristics, given in 
Table 8, Appendix 2, the gas appears to be most nearly equivalent _ 
to the mixture from furnaces Nos. 1, 2 and 3 together. 

27 Conditions were decidedly better in the second half of 1909, 
so far as uniformity of the gas supplied to the engines is concerned, 
but it is easily seen that changes in furnace operation must even under 
present conditions affect the quality of the engine gas. Whenever 
the gas supply from the furnaces on which the gas-cleaning plant is 
directly drawing happens to cease, in other words during checks or 
repairs, or if one or several of these furnaces are in trouble, disturb- 
ances are created in the regular flow and therefore in the quality of 
the gas, so that momentarily, or for longer periods, richer or leaner 
gas from other furnaces near the gas-cleaning plant intake is delivered 
to the gas engines. That such disturbances exist was very strikingly 
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proved in many instances. The gas engines, which had been operating 
smoothly, apparently receiving very uniform gas, would suddenly 
begin to backfire, or to have premature explosions and become ver) 
unsteady. These abnormal occurrences would be repeated at short 
intervals, although possibly lasting only a few minutes. The operat- 
ing engineers soon discovered the cause of their troubles, and reported 
in their language that “a bad batch of gas” had caused the backfiring 
or the premature explosions and the “swinging” on the line. Sucl: 
pronounced “waves” in the quality of the gas will often affect first 
the engine nearest to the gas holder, the trouble gradually extending 
to the engines down the line, and will stop first at the engine where 
the trouble started, gradually lessening on the rest of the engines, or 
else all engines will be affected simultaneously. 

28 These interesting phenomena, and their bad effect on the par- 
allel operation of the gas engines, prompted investigations which al- 
most invariably located the causes for the sudden increase in hydrogei 
and methane. It was found that slipping of the furnaces was very 
frequently followed by backfires and premature explosions: «ic! 
whether or not part of the raw wet stock in the furnaces reaches tlic 
incandescent zone, due to the upheaval of the material inside the fur- 
nace during slipping, thereby causing the formation of excessive 
amounts of hydrogen, remains an open question. Violent premature 
explosions and backfiring could in very many cases also be traced 
back to leaking tuyeres or hot blast valves, and these were so pro- 
nounced at times that the gas engines often fairly served as an indi- 
cator of such leaks. 

29 The following gas analyses made on February 10, 1909, at the 
power house, give a good illustration of the suddenness of thes 


changes: 
GAS ANALYSES AT POWER STATION LABORATORY 


Enotne Gas 


The increase in hydrogen of almost 100 per cent between the fi: 
and third analyses is noteworthy. The effect on the engines was t!\° 
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day. Backfiring happened simultaneously on three engines in opera- 
tion on August 17, 1908, and was caused by fluctuations in the compo- 
sition of gas. The daily chemical report for the 24 hours — 6. 00 
a.m., August 18, contains the following record: 
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CHEMICAL ANALYSIS, AUGUST 18 


1 
Time COs co H CHs Bas. ty 
analysis 
Saeh.i..<....:. 10.9 27.6 3.6 0.2 101.2 
6.4 33.2 4.4 0.2 ‘121.6 
8.4 30.2 4.4 0.2 11.9 
8.0 30.2 3.5 0.2 109.4 


30 The simultaneous calorimeter determinations gave the fol- 


lowing heat values: 


CHANGE IN HEAT VAL UE BY CALORIMETER 


Time B.t.u. | Time B.t.u. 


The heat value of the gas increased almost 20 B.t.u., or about 20 
per cent in less than three hours, due to heavy coke blanks charged at 
blast furnace No. 1 which was in trouble. In this particular instance 
it was the sudden increase in carbon monoxid which caused the back- 
firing. It was not always possible, however, to prove by analysis or 
by calorimeter test that a sudden change in the heat value of the gas 
or 4 momentary increase in hydrogen had taken place when prema- 
ture firing occurred; nevertheless, following the example of the Lacka- 
wanna Steel Company, the pressure of the cooling water for tuyeres 
and hot blast valves was reduced to a little below the normal blast 
pressure on all furnaces. Thus water-leaks into the furnaces were very 
effectively stopped and one principal cause for premature explosions 
at the engines was removed. 

31 The kind of iron produced by the different furnaces at different 
times had a considerable effect upon the quality of the gas. Thus in 
Sepiember 1909 the average heat value of the gas at the power station 
was 108.7 B.t.u. per cu. ft., because during this month blast furnace 
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No. 1 was making ferrosilicon with a coke consumption of over 4600 
lb. per ton of product. The average analysis of the gas of this furnace 
is given in Table 7, Appendix 2, and the composition of the engine 
gas for September is given in Par. 26 of the paper. The richest gas 
which the engines ever received occurred September 17, 1909, the 
average of the analyses for the day being as follows: 


co H CH, = B.t.u. 


CO; by analysis 
«84 2 3.2 0.16 7.92 123.3 


The average corresponding B.t.u. values determined by calorimeter 
were 122.5 per cu. ft. The influence of this rich gas on the operation 
of the engines is shown in the daily record of engine operations. 
Three engines were running and were backfiring and having 
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premature explosions all day long. On the following day the oper- 
ating engineer reported that the gas made a quick change about ! .00 
a.m. to very poor quality, causing all engines to misfire and to drop 
about one-half of their load, and the richness of mixture had to be 
changed on all engines to obtain proper ignition. About 2.00 a.m. the 
gas became suddenly very rich and the engines again backfired !)vav- 


ily, necessitating additional changes in the mixture. The leanes! gas 
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on which these engines were operated during the year 1909 occurred 7 
in November, the average composition for the month being as follows: a 


co 

wad 2 

138 3,59 0.19 1.79 86.7 


The lowest daily average heat value occurred on November 16, with 


gas of the following analysis: ae 
1.39 83.1 


The gas was so poor that day that it was impossible to keep it burning 
in the calorimeter. The lowest heat value ever recorded is 79.5 B.t.u. 
per cu. ft. on November 17, the gas analysis at 12 o’clock noon giving 
the following results: — 


CO, co CH, 
17.1 21.6 3.1 0.1 1.26 79.5 


The effect of such very poor gas on the engines is quite noticeable; the 
full output of the generators could not be maintained, although the 
proportion of air and gas was changed to meet the new conditions. 
32 In Appendix 2, Table9, are given the average composition of the 
blast furnace gas for each month, averages for the first and second 
halves, and the average for the whole year of 1909; further, the heat _ 
value of the gas determined by calorimeter. In Fig. 4 herewith these — 
values are plotted for each month beginning with June 1908 when the © 
systematic records commenced. The discrepancies in the heat values 
as computed, and as determined by Junkers’ calorimeter, are explained | 
by the fact that analyses are made about every three hours, while calori-. 
meter readings are taken almost continuously during the day. The _ 


is number of observations is therefore much greater for the latter than 


for the former. For all calculations the heat values determined by - 
- calorimeter are used exclusively. The methods of gas sampling and 
0 analysis used as described by Mr. L. A. Touzalin are as follows: 
op Daily samples of blast furnace gas are taken at each individual furnace, all 


be samples being accumulative and representing a fair average of the gas produc- 
tion extending over a period of 24hours. The sample is taken between down- 
comer standpipe and dust catcher (as shown in Fig. 5) and conducted by means 
of a 24-in. or 2-in. pipe, first to a miniature dust catcher and then to two washing 
bottles connected in series by means of a 2-in. pipe. From the second bottle 


= 
> 
= 
i. + 
= 
4 
= @ d 
7 
) é 
=. 
— 


384 BLAST FURNACE GAS POWER PLANT 


the gas passes to a sampling tank of 5 cu. ft. capacity, made of galvanized iron 
and of regular gas-holder construction. All water used in the washing bottles 
and in the sampling tank is first saturated with blast furnace gas. The small 
dust catcher consists of an 18-in. length of 6-in. iron pipe capped at each end 
and suspended in a vertical position. By removing the cap at the bottom end, 
the accumulated dust may be cleaned out as often as necessary. The valve 
placed at the lower end permits a small stream of gas to flow continuously 
through the sampling pipe into the small dust catcher and escape into the air. 
A great deal of dust escapes with this gas, and besides preventing continuous 
clogging, this valve allows any condensed water to drain off. The screw cock 
attached to the rubber tube between the washing bottles affords means of so 
adjusting the rate of flow that the tank is almost filled in 24 hours. At the end 
of each period a sample of the accumulated gas in the tank is withdrawn into a 
glass gas holder of 250 cu. cm. capacity, while the remaining gas in the tank is 
allowed to escape into the air. The bell of the tank thus drops down in place 
and the gas is again started for the next 24-hour sample. The 250 cu. cr. sample 
of the gas in the gas holder is taken to the laboratory for analysis. At the power 
station, where aspecial gas laboratory, fully equipped, is installed, gas samples 
are taken directly from the gas main between gas holder and engines. Gas 
analyses are made several times during the day and as often as necessary if 
any unusual occurrences at the engines indicate a change in gas quality. 


33 Daily gas analyses and heat values as well as results of dust and 
moisture determination, together with additional chemical informa- 
tion, are recorded on daily report sheets (Fig. 6). 


oie DESCRIPTION OF GAS-CLEANING PLANT 


34 When the installation of blast furnace gas engines was decided 
on in 1906, very little information and experience on the important 
matter of gas cleaning were available in this country. Some exper'- 
ments had previously been made on a small seale at the plant under 
discussion with different designs of -wet scrubbers and baffle washers, 
the idea being prevalent at that time that gas could be cleane: 
sufficiently for engine purposes by so-called “‘static” methods, 
that is, by passing it through towers filled with baffle plates and a 
checker work of wood or iron, and sprayed with water in finely divided 
form. The results of these experiments were discouraging, as might 
have been expected, and the installation of Theisen gas washers for 
refining the gas was eventually decided upon. 

35 The blast furnace gas for the gas engines is cleaned in two 
distinct stages. It is first subjected to a preliminary dry and wet 
scrubbing in the so-called primary or preliminary cleaning plant, 
and subsequently undergoes a secondary cleaning or refining by 
Theisen washers in the secondary washing plant. Fig. 3 shows «ia- 
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7 grammatically the general arrangement of the complete cleaning plant 
as it existed in 1908, while Fig. 7 gives a photographic view. When the 
gas-cleaning plant was designed in 1906, the raw gas was not cleaned 
except by the usual small dry dust catchers at the end of the down- 
comers of each furnace, and it was decided to install two special dry 
dust catchers of, ,large capacity to remove the bulk of the heavy dust. 


Fic. 8 Dry Dust CatcHEerR 


PRELIMINARY GAS-CLEANING PLANT 


36 The raw gas on leaving the overhead gas flue first passes a water 
seal serving to shut off the gas power plant from the general system i!) 
case of necessity, and enters an unlined self-cleaning zigzag gas flu: 
6 ft. in diameter. Fig. 8 shows the plan in detail, and Fig. 9 a photo- 
graph of the zigzag flue and the dry dust catchers. It was original) 


— a | 
: ! 
intended that the capacity of the preliminary cleaning plant should | 
} : en increased by the addition of enough dry and wet scrub 
a bers to clean the total quantity of gas produced by all six furnaces, for 
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use under boilers and in hot blast stoves, and provision for these addi- 
tions was made when designing the cleaning plant. By means of water 
seals in the ‘dust legs” supporting the zigzag flue, and spectacle 
valves at the points of discharge of the dry-dust catchers into the 
“eollecting main,” each dust catcher may be shut off during the 
operation of the plant, in case of repairs or cleaning. As shown in the 
illustrations these water seals were designed on the principle of the 
Crawford valve, and by cutting off the ends of the inside pipes at an 
angle, it was intended to provide means of regulating the amount of 
gas passing through each dry dust catcher by filling the seal with 
water to a certain height, which was regulated by telescopic overflow. 


Fic. 9 Z1azac Main anp Dry Dust CaTcHER 


37. Neither zigzag main nor dry dust catchers were lined with fire 
brick, as had heretofore been the practice with all gas pipes conveying 
raw gas of high temperature, as it was desired to take advantage of the 
reduction of temperature by radiation of heat through the unlined 
plate work. The results given elsewhere prove that the desired ob- 
ject was very satisfactorily accomplished. At all points of sudden 
change in direction of the flow of gas, “‘wearing”’ piates were provided, 
as excessive wear of the plate work, from the impinging of the dust- 
laden gas, was expected. These plates can be removed and replaced 
by new ones, through manholes arranged for this purpose. The dust 
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legs, as well as the dry dust catchers, were raised above the yard level 
high enough to permit the disposition by gravity of the accumulated 
flue dust into railroad cars by means of bell valves and dust spouts. 

38 The dry dust catchers, two in number and operating in paral- 
lel, were 22 ft. in diameter by 31 ft. high with 9-ft. cones at each end. 
The choice of the diameter of the dry dust catchers, as well as of thy 
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wet scrubbers, was accidental, as it happened that some old 22-ft. hit 
blast stove shells were available at the time. The dry dust catchers 
were given tangential gas inlets, assuming that by this arrangement, 
and by inclining the flattened gas-inlet pipe, the gas would be forced 
to travel in long spirals from top to bottom, thus lengthening the pat! 
of the gas; and angle irons were placed vertically on the inside of the 
shell to provide for increased friction while the gas was traveling 
through the dust catchers at the slow rate of 1.5 ft. per see. The 
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bottom cone was separated from the cylindrical part of the dust 
catcher by an inverted cone arranged umbrella-wise to prevent the 
dust accumulated in the bottom cone from being stirred up by dis- 
turbances caused by furnace slipping and re-entering the gas. The 
gas left the dry dust catchers near the apex of the umbrella, passing 
through a self-cleaning pipe into the collecting main and hence to the 
wet scrubbers. Explosion doors were arranged for on the dry dust 
catchers, but were eventually bolted down as unnecessary. 

39 From the 78-in. collecting main, the dry-cleaned gas passes 
to the wet scrubber, shown in Figs. 10, lla, 116 and Llc, through self- 
cleaning pipe lines. The piping arrangement permits the operation of 
the original two wet scrubbers in series, or in parallel, by turning a num- 


Fig. lla or Scruspers Nos. | anp 2 
ber of spectacle valves, and water seals allow the shutting-off of either 
wet scrubber for cleaning, without interfering with the operation of 
the power plant. From the start the two wet scrubbers were operated 
in series, the total quantity of gas consumed by the engines passing 
first one and then the other. The gas enters each wet scrubber at the 
bottom of the shell, which is 22 ft. in diameter and 55 ft. in height. 
The inside is divided horizontally into six compartments, each con- 
taining eight rows of slats made of clear No. 1 white pine dressed ail 
over. Each system of slats is supported independently by I-beams 
and angle irons riveted to the shell. The slats are 5 in. high and } 
in. thick, by about 5 ft. 6 in. long, and ten slats on an average are 
nailed to distance pieces, forming hurdles about 5 ft. 6 in. long, and 
3 {t. 7 in. wide, a size and weight which permit of easy handling. An 
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Fig. 116 Section or ScrusBers Nos. 3 anp 4 


interior view of the scrubbers with the hurdle arrangement is shown 
in Fig. 12. 
40 Profiting by the experience gained elsewhere with wet scrubbers 
of thesame kind, flue dust bridging over betweenslats and clogging ‘he 
: hurdles, it was decided to space the siats in the following manner. 
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In the three lower compartments of scrubber No. 1, which receives 
dry-cleaned gas containing a large amount of coarse flue dust, the 
average distance of the slats was made 9 in., while in the three upper 
compartments the slats have 6-in. spacing. In the three lower com- 
partments of scrubber No. 2, receiving gas already washed in the first 
_ scrubber, the slats were spaced with 44-in. centers, while the corre- 
sponding distance is 3 in. in the three upper compartments of the 
second scrubber. All hurdles were placed in the different rows and 
compartments in such a way that the slats of each upper row straddle 
the slats of the row immediately below, thus obtaining a continuous 


Fic. 12 Virw SCRUBBERS SHOWING HuRDLES 


checker arrangement without any channels. A space of about two 
feet was left between each two hurdle sets, making each compartment 
accessible for cleaning or changing hurdles without removing thie 
whole filling, and manholes and platforms were provided to facilitate 
this work. 

41 The top of the wet serubbers is formed by -in. flat covers, 
supported by 8-in. I-beams. Each cover plate supports 36 sprink- 
lers, shown in Fig. 13 and in detail in Fig. 11¢, distributed over thie 
entire section. Each sprinkler consists of two nozzles N and N’, and a 


cast-iron spray plate S with slightly curved surface and weight |! 
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to insure heii position. ‘The spray plate is inserted in the oll 
hole of the crosspiece C, which is supported by two rods R& fastened to 
the top cover plate. The upper nozzle of 1-in. diameter is mounted 
on one branch of a cast-iron cross, while the opposite branch is con- 
nected by a 5-in. wrought-iron pipe P about three feet in length, to the 
lower nozzle N’ of equal size. The other two branches of each cross 
are closed by caps A, containing plate glass discs G, ¢ in. thick and 4 
in. in diameter. The open water tank located above the wet scrub- 
ber supplies the washing water under a small but constant head, 
through distributing pipes D and branch connections B to the sprink- 
lers, the amount of water being regulated by valves V. The opera- 
tion of these sprinklers is obvious. A stream of water falls in each 
sprinkler through a distance of about eight feet, breaking up into an 
exceedingly fine mist by impinging on the spray plates, and as the 
sprays of the 36 sprinklers overlap each other, the distribution of 
water is perfect. 

42 These sprinklers were tested before the wet scrubbers were 
put into operation, and one minute after turning on the water there 
was not a dry spot on the inside of the scrubbers. Originally these 
sprinklers were without the nozzle N’. The action was the same as 
far as the distribution and the atomization of the water was con- 
cerned, but with the serious drawback that the dirty gas could reach 
the upper part of the sprinklers and deposit dirt on the sight glasses, 
which soon became useless. By the insertion of nozzle N’ this 
trouble was successfully overcome, as the water flowing through 
this nozzle completely seals the upper part of the sprinklers so that 
the glasses can be removed during operation without danger from 
escaping gas. The great advantages of this type of sprinkler 
are that a clogging of the water passages can never occur, and that 
uniform distribution of the water can always be obtained. Their 
operation has been exceedingly satisfactory. All water piping on 
top of the wet scrubbers is housed-in for protection against 
frost. 

43 The lower part of the wet scrubbers dips with a conical exten- 
sion into a water seal provided in the concrete foundation. The 
muddy water is carried off through an overflow pipe reaching to the 
bottom of the seal, thus keeping the water in constant circulation and 
thereby effectively preventing any accumulation of mud in the seal. 
It was found advantageous, however, to introduce into this overflow 
passage and reaching to the bottom of the seal, a l-in. pipe through 
which water under pressure is constantly Saahengee, sets up the 
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~- sediment and keeping the water in motion. On the two new wet scrub- 
bers recently installed this type of water seal was abandoned in favor 
of the simple arrangement shown in Fig. 11. 

_ 44 The waste water from these scrubbers flows into a large set- 
tling tank, which was installed to prevent a possible clogging of the 
main sewer. Both compartments of the settling tank, which was in 
operation about two years, have since been completely filled with 
mud, but as the dust in suspension does not prove to be troublesome 
in the sewers, little attention is being paid to their regular cleaning. 

45 When in the early part of 1909 four additional gas blowing- 
engines for blast furnaces No. 1 to 4 were purchased, an increase in 
the capacity of the gas-cleaning plant was necessary, and since in the 
meantime the question of dry cleaning the raw gas at the furnaces 
had been solved, it was decided to change the two original dry dust 
catchers into wet scrubbers. As soon as the voluminous dry dust 
catcher system at the furnaces (Fig. 14) was in operation, itseffect was 
noticed in the materially reduced efficiency of the dry dust catchers 
in the preliminary gas-cleaning plant. These had formerly removed 
a great deal of heavy, dry flue dust, but suddenly became practically 
useless, and only a little dust, now in the form of mud, was taken 
out. While the change from dry dust catchers to wet scrubbers was 
being made, in the seeond half of 1909, only the two original wet 
scrubbers were in operation. In the near future four wet scrubbers, 
of sufficient capacity to take care of the preliminary washing of the 
gas required by 40,000 h.p. in gas engines, will be in use. Fig. 15 
shows the general arrangement of the gas power installations at 
present. Fig. 16 is a diagram of the path of the gas through the new 
wet scrubbing plant, showing the combinations in which the four scrub- 
bers can be operated. Fig. 7 shows the gas main carrying the clean 
gas from the wet scrubbers to the secondary cleaning plant. Atten- 
tion is called to the design of the supports of this pipe line, which are 
built as so-called dust legs, wherein water and flue dust are deposited, 
and drawn off occasionally through bell valves. The clean gas main, 
while not self-cleaning, is arranged to slope in both directions. At 
certain intervals circular water pipes with spray arrangements are 
installed for flushing the clean gas main, and at the points where a 
sudden change of direction of the gas occurs sealed holes are provided, 
through which a thorough cleaning of the pipe line can be made, with 
fire hose and high-pressure water, during the operation of the plant. 

46 After leaving the wet scrubbers, the clean gas, as it is called, is 
in such a condition that it could be used under boilers and in hot blast 
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stoves, if desired. In 1909 it contained an average of not more than 
0.318 grains of dust and not over 5.62 grains of moisture per cubic foot. 
“Its purity therefore nearly complied with the requirements of Euro- 
: blast furnace plants where 0.5 grammes per cu. m. (0.218 


grains per cu. ft.) is considered a desirable degree of cleanliness for 


stove and boiler gas. 


IMPORTANCE OF GAS CLEANING 


47 Clean gas as delivered by the preliminary washing plant is, 
ae not sufficiently purified for gas engine purposes. Not so 
very many years ago it was sincerely believed that gas engines 
could operate on dirty gas, and it required years of costly experiment- 
ing to develop the art of gas purification to its present perfection, after 

: 3 the far-reaching importance of the problem was at last understood. 
Its magnitude can be better appreciated if the total quantities of gas 
and dust which are handled in such a cleaning plant during a certain 
a period of time are considered. The following figures apply to the gas 


48 The total numberof kilowatt-hours by the gas engine 
installation was 50,494,100. The average heat consumption per 
_kilowatt-hour was 17,234 B.t.u. The average heat value of the gas by 
- calorimeter was 98.3 B.t.u. per cu. ft. The gas engines consumed there- 

fore per kilowatt-hour 175.3 cu. ft. of gas, or in the year 1909 a total 
— of 8,851,615,730, or nearly 9,000,000,000 cu. ft. This total quantity 
of gas reached the wet scrubbing plant containing on an average 1.533 
grains of dust per cubic foot. There were consequently carried into 
the wet scrubbers during the whole year 1,938,500 lb., or 865 gross tons 
of flue dust. To appreciate fully the meaning of thisenormous figure it 
should be remembered that to haul such a quantity away, afreight train 
of twenty gondola cars of 100,000-lb. capacity would be required. ‘The 
average amount of dust in the clean gas for the year was 0.3183 gr. 
_ per cu. ft.; so that it carried 402,500 lb., or 180 gross tons of flue dust 
into the secondary cleaning plant. The difference of 685 tons was 
taken out by the wet scrubbers and carried off into the settling tanks. 
Expressed in percentage of the original quantity of dust, the wet scrub- 
bers removed 80 per cent of the impurities. The Theisen gas was!iers 
further took out from the gas 176.7 tons, leaving only 3.3 tons in the 
fine gas, since the average amount of dust in the latter was 0.00583 
grains per cu. ft. The Theisen washers had therefore an efficiency of 


98 per cent, shared by clean gas main, fine g gas main and gas hol: der. 


: 
100 
7 
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The over-all efficiency of wet scrubbing and secondary cleaning plants 
was 99.5 per cent, since of the origina! 865 tons, 861.7 tons was removed 
from the gas and only 3.3 tons entered the gas engines. Of the latter 
quantity only a small amount remained in the engine cylinders, since 
the bulk of the dust is swept into the atmosphere at each exhaust 
stroke. These figures will give a good idea of what it would mean if 
gas engines were operated on clean gas, not to speak of dry-cleaned 
gas, and yet this was attempted in the early history of the blast 
furnace gas engine. 


> 


a SECONDARY CLEANING PLANT 


49 It is generally recognized that blast furnace gas cannot be 
cleaned sufficiently for engine purposes without the expenditure of 
power, and that a satisfactory refining can only be performed in ro- 
tary gas washers on the ‘‘dynamic”’ principle, in contradistinction to 
the preliminary washing for which ‘static’? methods are usually 
found to be fully adequate. Among the rotary gas washer systems on 
the market, the Theisen washer is considered well designed mechani- 
cally and very efficient. The Theisen washer installation consisted 
in 1909 of four washers, each of 15,000 cu. ft. per min. capacity. One 
additional washer has been installed recently on account of the new 
gas blowing-engines. Fig. 17 is an interior view of the Theisen washer 
building, and Fig. 18 shows the plan and elevation of this installation. 
The Theisen washers are arranged in two rows in a fireproof building, 
with the clean gas main overhead between them, and inlet pipes to the 
suction end of each washer. The outlet pipes pass through the build- 
ing to water separators and to a ring main which delivers the gas 
through a 5 ft. fine gas main about 500 ft. long to the power station 
gas holder, and through a 4 ft. 6 in. fine gas main about 1000 ft. long 
to the blowing-engine gas holder. 

50 The Theisen washer, shown in sectional view in Fig. 19, consists 
essentially of a closed drum fitted on its outer surface with longitudinal 
blades arranged in spirals. This drum, supported by a shaft in two 
water-cooled ring-oiling bearings, rotates at high speed inside of a sta- 
tionary casing of conical shape. The inlet end is equipped with suc- 
tion vanes while on the discharge end an exhaust fan is firmly attached 
tc the drum. The gas is introduced into the annular space between 
revolving drum and conical casing and discharged by the fan into a 
w iter separator. The operation of the washer is as follows: 

1 The suction vanes draw the gas from the inlet pipe and deliver 
it .o the longitudinal vanes, which have an inclination to the axis of 
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the drum so as to oppose the flow of the gas through the washer. TT! 
discharge fan at the outlet end of the drum, however, overcomes th 
tendency and discharges the gas under positive pressure of a few inchy 
of water. The clearance between the outer edge of the longitudin 
blades and the inner surface of the stationary casing is not more thai 
1 in. and the gas passing through this narrow space under high pre 
sure imparts to the water introduced at several points into the casing 
a movement in long spirals in an opposite direction to its own trav 
This flow of water in the form of a film covering the inner surface of t! 
stationary casing, is assisted by the conical shape of the latter, tape 


ing off towards the gas inlet. The surface of contact between gas a 
water is materially increased by wire netting, closely fitting the ins! 
of the casing. By the intimate action of the water on the gas the di 
particles are thoroughly moistened, and being weighed down by wa 
drops, are thrown by centrifugal force into the rotating film of wat 
to be carried away through a seal into the sewer. The gas leaving t 
washer is charged with more or less moisture in the form of mist, wh 
is removed from the gas in the Theisen washer separator, consisting 
principally of a removable box filled with iron shavings held in pl: 
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by wire netting. The gas striking the iron shavings with great velocity 
deposits its moisture, and as it has to reverse its direction cannot 
pick it up again, but leaves the separator in a comparatively dry con- 
dition. Gate valves serve for regulating the quantity of gas entering 
the different washers, and for shutting off any washer without inter- 
fering with the operation of the plant. 

52 The two gas holders, of 100,000 cu. ft. capacity each, were 
installed primarily to give a constant pressure of about four inches of 
water column at the gas engine throttle. Incidentally, however, they 
serve as reservoirs and as water separators. Since a gas holder was 
originally not contemplated for the gas blowing-engine installation. 
an additional water separator, shown in Fig. 20, was provided in the 
fine gas main to the gas blowing-engine house, the design of which is 
based on a well-known principle. A number of angle irons serve as 
baffles, dividing the gas into a number of streams which are forced to 
change their direction several times while passing through the rows of 
angle irons. The latter are placed ‘‘straddling”’ similar to the wooden 
slatsinthe wet scrubbers. A bell valve at the end of a long pipe serves 
to remove the accumulated water. Each gas holder is of the single- 
lift type, with bell 59 ft. 6 in. in diameter by 36 ft. high. Both holders 
have separate gas inlet and outlet pipes to obtain continuous circula- 
tion in the holder and prevent the pocketing of stale gas. While in 
the power station holder this idea was carried out to the extent of 
having inlet and outlet pipes at opposite ends of one diameter. The 
blowing-engine gas holder has these pipes side by side, but with the 


inlet turned a little to impart to the gas a rotating motion. Inletand | 
outlet pipes can be used as water seals to shut off the gas holderin case © 
of necessity. To prevent the possible collapse of the gas holder bell, _ 
in case the supply of gas should be interrupted and a vacuum created _ 


| underneath the holder bell, a disc valve supported by chains from the 
holder crown is located exactly above the mouth of the outlet pipe. 
When the holder bell descends until it rests on its landing beams, 


> 


this valve will close the outlet opening, preventing a vacuum under | 


the bell. 

53 The discharge pressure of the Theisen washers is about 8 in. 
higher than the pressure on the suction side, and as the latter is quite 
variable, the former will also vary within considerable limits. 

B of course possible to regulate the pressure in the fine gas main by 
means of the gate valves arranged in the Theisen outlets; but since 
these pressure variations are almost continuous, the gate valves would 


have to be adjusted by the operators practically all the time, unless it 
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were desired to resort to the complication of electrically operated 
valves under automatic control of the gas pressure. ‘To simplify this 
necessary regulation a butterfly valve was installed in the inlet pipe 
to each gas holder and operated by the holder bell itself by means of a 
wire cable fastened to it and carried over a system of pulleys as shown 
in Fig. 21. This device works in the following manner: 

54. When the gas holder is empty, the butterfly valve is wide open 
and the counterweight shown in the left-hand view (Fig. 21) is in 
When the bell ascends the counterweight 
rises without affecting the butterfly valve, until the weight strikes 
a bumper bracket which prevents further travel of the weight. The 
movable pulley from which the weight is suspended now becomes 
stationary and the rising holder bell acts on the butterfly valve, 
through the cable, throttling and finally tightly closing the valve. 
The effeet is the same as if the gate valves on the Theisen washer out- 
let had been throttled or closed. The washers continue to operate, 
but cease to deliver until the descending gas holder bell again opens 
ihe butterfly valve. This action is perfectly automatic and it is im- 


its bottom position. 


possible for more gas to enter the gas holder than is being taken out, 
so that any number of gas engines can be started or shut down at any 
time without the slightest adjustment at the Theisen washers. 

Without this automatic regulator this is what would happen: 
The weight of the gas container gives a constant pressure of 4 in. of 
water column in the outlet pipe and the Theisen washers deliver a 


50 


constant quantity of gas as long as the gas pressure on the suction side 
With a certain number of gas engines in operation, and 
the gas demand equal to the gas supply, the gas holder bell will float 
ina certain position. If, however, one or several engines are stopped, 
the gas demand will decrease and as the gas supply remains constant 
the bell will rise into its top position, determined by the height of the 
water seal in the holder tank. Any further rise will break this seal, 
causing gas to escape from underneath the holder bell. This will con- 
tinue until more engines are started and the gas demand is again equal 
tothe gas supply, or until the Theisen outlets are sufficiently throttled 
to reduce the quantity of gas delivered. The disadvantages are ob- 
vious. Not only will the breaking of the seal cause large quantities 
of water to be thrown out, but the escaping gas, aside from being un- 
necessarily wasted, will dangerously foul the surrounding atmosphere. 
The automatic butterfly valve, balancing perfectly the gas demand 
and the gas supply, eliminates these troubles very effectively. 


56 A by-pass line permits the operation of the gas engines dire 
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if for any reason the holder is out of commission. Hach holder de- 
livers the gas into a large main located on the outside of the gas engine 
buildings, as shown in Fig. 22. Individual branch pipes lead the gas 
to each engine, which can be isolated from the gas main by bell valves 
or water seals, as shown in Fig. 23a. The gas pipes leading to the 
engines, as well as all gas mains, are carefully drained by auto- 
matic overflows, an important feature. 


Fig. 22) Exrertor View or Power House: Gas Houper Gas ReEcrIVERS 


PERFORMANCE OF THE GAS-CLEANING PLANT 

57 The physical qualities of the gas of importance from the stand- 
point of gas engine operation, are its pressure, temperature, dryness 
and cleanliness. These conditions, and particularly the last, ii 
ascertained and suitably recorded at various stages of the cleaning 
process, are valuable indicators of the efficiency of the gas-cleaning 
plant; very few blast furnace plants, however, pay sufficient attention 
to their regular routine determination. As arule tests are being made 
and results recorded only so long as the gas engine installation is new 
and therefore of all-absorbing interest. Particularly if the operation 
of the plant seems satisfactory, the interest is soon lost and the plant 
is left entirely to the care of the operating men, who soon are the only 
authorities on the machinery in their charge. The knowledge that 
can be obtained from them is of questionable value, as it is often based 
on good memory only, and gathered in hit-and-miss fashion. All 
operative results of a gas power plant should be recorded with «s 
thorough care as is usually afforded the operation of steam plants, or 
even more, since the gas engine is more susceptible to variations i 
the quality of its fuel. 
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58 The question is often asked, what can be the advantage of 
keeping exact records if the recorded results vary comparatively little 
during the year’s operation, and whether the game is worth the 
candle, assuming that the expenditure is far in excess of the benefit 
derived. The questioner overlooks, however, that only by keeping such 
records can it be determined whether the conditions really are gener- 
ally uniform; and that this uniformity is in many instances due to the 
careful watching and recording of the phenomena involved. Besides 
it was found, in over two years’ experience at the plant under dis- 
cussion, that the expense of ‘‘ keeping the finger on the pulse”’ of the 
gas power plant is so small and so easily absorbed that it is insignifi- 
cant. The expense connected with the maintenance of a special gas 
laboratory, for instance, has never as yet noticeably increased the cost 
of pig iron, and the readings every three hours at the gas cleaning 
plant are being taken, without additional expense, by the operators 
themselves, who are assisted and checked in their work by recording 
instruments installed wherever expedient. It has been found, too, 
that the installation is being given much more care by the operators, 
since they are compelled to go over the whole plant on regular beats, 
in order to take the various readings. The general appearance of 
the gas cleaning plant shows unmistakably the influence of this con- 
tinuous inspection. It is only natural that the operators should - 
themselves become interested in their readings and compare the 
results from day today. They soon make changes and improvements : 
in the equipment, of their own accord, and will operate the plant at : 
a much higher standard of efficiency. : 
59 Fig. 6 and Fig. 24 show two of the standard record forms, 
which are self-explanatory. The data collected on the various report 
sheets are tabulated and plotted on charts in the engineering depart- 
ment so as to show the daily, monthly and yearly averages. These = 
records are very valuable from an operating point of view. The alien 
economy of a gas-purifying plant, for instance, is dependent on a 
nuniber of elements, among which the plant efficiency is not of least 
importance. It involves the question of total cost per unit of gas, 
of eleetric light and power consumed in the plant, of operating labor, 
labor and material used in repairs, and lubricants in relation to the 
degree of cleanliness and the amount of moisture obtained by this 
total expenditure in the same gas unit. The majority of these ele- 
ments can be controlled when the variations to which they are sub- - 
jected by voluntary or involuntary changes are known, but this \ 


knowledge can be acquired only through close and continuous ob- : 
servation. 


ie 
i 
d 


TY 00: TT duind <nqig Sarngngs ‘arede puv deind poy 
SNOILVAY3S8O S3IiddNs 


| Sti ss | Wis 
‘ ort | ¢ | 
91 et on 
¥2 ol 
et or 
| 
a 


YSLIWWY 40 ONIGVSY YSLYM VM 30,) (J-) SVD 
9 ONIGNZ SUNOH Fe HOS LHOd3Y AGNV SSUNSSAYd 


UALAJY THALNAA ‘“NI-QO—ONIdIg ISA], ‘OI 
ia 


=| 
Ott St | oct 
Oe OOTT | Sot 


POWER PLANT 


s 


Noll SHO.LOW N3SISHL NO 


GA 


aan 


ay sony 


Fay “ON 
a 


59 "ON 


Zz 
a 


. ; | 
| 
g 
| 
} quae 
| 
\ 
| 
| 
| 


PLANT 


EANING 


L 


TRANSACTIONS 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS _ VOL. 32. 
eas _ JANUARY 1909 FEBRUARY 1909 MARCH 1909 
2.6 
i 
2.2 
Flue bust 20 
in Grains 
1,6 
} 
In Clean Gas 1.6 
In Dry Cleaned | i 
Gas P= j if 
0.8 
0.6 
‘of Dust \ 


Removed 


Flue Dust 
in 
Fine Gas 


14 
Moisture 
Grains per 12 
Cubie Foot 
In Clean Gas 
ooo 
In Fine Gas 
In Air 
2 
CO 30 


« In Engine Gas 25 
(by Volume) 20 


% In Engine Gas 
(by Volume) ¢ 


He 


a |_| 


oe 


50 
(es) 40 
(Volumetric) .30 


Heat Value of 115 
Engine Gas 110 


B.T.U.per Cu, 
by Calorimeter 95 
By Analysis 


10 4+ 
| 


MAY 7909 


Hours 2 
ending 6 A.M, | 


2.6 

2.4 

Flue Dust 2.0 
in Grains 


per Cu. Foot, 


1.6 


14 
In Dry Cleaned 
Gas. 1,2 


O-0=0-0 
1,0 
In Clean Gas. 
0.8 


0.6 
0.4 
0,2 


1416 15 20 


1909 
11'19'15-17 19 2 


Efficiency of 
Theisen Washersgy 
‘of Dust Removd 


014 


Flue Dust on 

in .010 
Fine Gas. 


O08 
Grains 006 
per Cu. Ft, 
.004 
002 


Moisture 14 
Grains 
per Cu. Ft, 12 
In Clean Gas, 


In Fine Gas, 


Ip Air, 


CO 


Blow 


(Volume) 99 


Engine Gases 


6 
«in Engine Gas ‘ 
(Volume) 


x d 
(Volumetric) .30 


CO2 0 
co 


—— 


Hleat Value of 115 
Engine Gas 110 


by Calorimeter 95 


By Analysi 


per Cu. Ft, NS 


. 
2 4 1 12 14 16 18 20 22 26/28 | 10:12 
| = | | = 
| | | | 
|_| L | 
j \ 
| 
| 
AN 
|_| | _| 
ae | 


MAY 1 1909 


TOLY 1908 


AUGUST 1909 


15 17) 19) 21 23) 


30 


ph 
| \ 


re 


De <> 


Flue Dust * 
in Grains 1.8 

Per Cu. Foot 

00 6 °1.6 


1.4 

In Dry Cleaned 
Gas 1.2 
Tn Clean Gas 1.0 
() Se 
0.6 
0.2 


| 
\\ 


Theisen-W 


Eefliciency of 


016 


Flue Dust 


010 
in 
Fine Gas / 
Grains per Cu.Ft. 
-004 


16 
14 
Moisture 
Grains per Cu. F 
Tn Clean Gus 


In Fine Gas 


‘| 


+ —— 


In Engine Gas 
(Volume) 20 


2 


Tn Engine Gas} 
(Volume) 


COx 
co 


Engine Gus 


014+ 


CO 30 -. 


(Volume) 


Heat Value of 115] 
0 


per | —-+ 

By Cal: primeter 


by Analysis, 


| | | 
| | | | _| VY |} 
| | 
| \ | VA | 
| | | | | b 
nan | | | \ 
| | | | | \ 
| | \ ii ~ 
Fie, 25 ConpiTIon AND Composition oF Gas (Daity AVERAGES) 


— 


SEPTEMBER 1909 


OCTODER 1909 


NOVEMBER 1909 


DECEMBER 


4/6/8 10 12 14 1G 19/20 2 


11 13/15/17) 19) 


23 


a 


11,13 1517 19,213 


= 


+ 
_| 


| 


BLAST FURNACE GAS POWER PLANT 
4 ret A | an Tr t | || 


HEINRICH J, FREYN 


60 Suppose, for example, the dust determinations of a certain day, 
or of several consecutive days, show a much higher amount of im- 
purities in the engine gas than usual. Steps to remedy this condition 
may be taken immediately. As a rule an increased amount of water 
in the preliminary washing plant, or on the Theisen washers, will have 
the desired effect; or an additional washer can be started, thereby 
decreasing the load on each unit and giving the gas an additional 
scrubbing. Without the daily record, this increase in dust might not 
be noticed until trouble arose in the engines; or a clogging of the wet 
scrubbers or of the gas flues might not be noticed until the effect of a 
restricted gas passage was shown in the reduced output of the power 
plant. 

61 For example, on consulting the daily records in September and 
October 1908, it was noticed that the gas pressure between the two 
wet scrubbers was considerably lower than that in the collecting flue, 
a state of affairs particularly annoying at that time as another period 
of insufficient gas supply was on hand. It was first thought that 
the hurdles in wet scrubber No. 1 were clogged by dust bridging over 
between slats. Simultaneous readings of the pressure gages on 
either side showed a difference of 1} in. to 2} in. After flushing the 
scrubber for 30 minutes by opening wide all the top sprinklers and side 
flush-outs, which are situated half way between the top and bottom 
of the scrubber, and using 1800 gal. of water per min., this differ- 
ence did not disappear, indicating beyond a doubt that no obstruc- 
tion had occurred in the scrubber. It was finally found that the 
scrubber inlet pipe was nearly filled with mud at the point where it 
turns at a slight angle into the wet scrubber shell and a heavy stream 
of water soon removed the obstruction. 

62 In March 1909 the amount of flue dust in the dry cleaned gas 
increased rather suddenly from 0.56 grains per cu. ft. on March 3 
to 1.53 grains per cu. ft. on March 5. The amount of water on wet 
scrubber No. 2 was increased from 400 to 500 gal., and decreased from 
400 to 350 gal. per min. on the Theisen washers. The effect was a 
material improvement in the wet scrubber efficiency, while the amount 
of dust in the fine gas was hardly affected. This is illustrated in Fig. 
25, showing the daily averages of the dust contents in the gas, etc. 
In this manner the total amount of water for wet scrubbers and Thei- 
sen washers as well as the relative quantities for scrubbers No. 1 and 
No. 2, were changed frequently during the year to conform with the 

demands indicated by variationsin the recorded results. The methods 
and instruments used to obtain these records are given in Appendix 
and instruments used to obtain these records are given in Appendix — 
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RECORDS AND RESULTS OF OPERATION OF THE DRY-CLEANING PLANT 


63 Before the existence of the dry cleaning system at the blas 
furnaces the two dry dust catchers in the preliminary gas-cleaning 
plant proved very satisfactory in operation and efficiency, and tly 
effect of unlined gas flues and dust catchers on the reduction in tem- 
perature of the gas was greater than had been anticipated. The tem- 
perature at which the gas leaves the furnace top averages about 4(( 
deg. fahr.:with the furnaces in normal operating condition. This 
temperature may, however, reach 700 and 800 deg. when abnormal 
conditions of operation are caused by high coke consumption, irregu- 
lar working, etc., and furthermore when special grades of iron, such as 
ferrosilicon or spiegeleisen are produced. When formerly all fur- 
naces discharged their gas directly into the brick-lined overhead flue 
the temperature of the gas at the entrance of the gas-cleaning plant 
was considerably higher. Thus in 1908 the average temperature at tli 
main water seal, according to Bristol pyrometer records, was as fol. 
lows in degrees fahrenheit: 


March | April| May | June July = Aug. |Sept. Oct. Nov. Dee. 


650 500 | 483 531 426 410 303 312 299 329 


The drop in temperature of the gas, due to radiation of heat throug! 
the walls of unlined piping and dry dust catchers, was quite pro- 
nounced (see Appendix 4, Table 10). In round numbers about 50 per 
cent of the sensible heat carried by the gas into the dry-cleaning plant 
was removed by radiation. 

64 An attempt was made to determine the number of B.t.u. 
radiated per hour per square foot of radiating surface of the dry dust 
catchers to obtain a basis for future calculations. For five different 
days the B.t.u. loss per square foot of radiating surface per degree dif- 
ference in temperature per hour was 1.29; 0.99; 1.105; 1.11; 1.33; with 
an average for all observations of 1.165. 

65 After the dry dust catcher system at the blast furnaces was put 
in operation conditions changed considerably, as the gas passing 
through the voluminous unlined dry dust catchers and the over}iea¢ 
gas main, the brick lining of which had been removed in April 109 
lost so much heat by radiation that it entered the gas-cleaning plant 
at a much lower temperature than before. This temperature is ver) 
uniform at present, averaging about 300 deg. fahr. The heat-ra:(iat- 
ing effect of the dry-cleaning plant, however, is maintained, reducing 
the average temperature of the gas before it enters the wet-cleauing 
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plant about 56 per cent, as shown in Fig. 26, which gives the average 
nonthly figures for 1909. Since the cooling effect takes place without 
he use of water, it is obtained entirely without cost. 

66 This cooling of the gas to a temperature considerably below 212 
leg. in 1909 caused heavy condensation of moisture in the pipes and 
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dry dust catchers. This proved to be of considerable value in the 
process of gas cleaning, since the finer particles of dust were weighed 
down by microscopical globules of water and thus more easily s: pa- 
ne rate. | from the gas. The dust removed in the dry cleaning plant ap- 
pear -d mostly in the form of mud, which accumulated at all points of 
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change in direction of the gas flow, and especially in the dry dust 
catchers where the velocity was very small. The difficulties e1 
countered in trying to remove this mud during the operation of t} 
plant formed one of the reasons for abandoning the dry dust catchers 
at the gas-cleaning plant. As outlined in Appendix No. 3, several 
attempts to obtain reliable data concerning the dust-removing effi- 
ciency of the dry-cleaning plant proved futile, but an idea can be 
gathered from the fact that on an average a carload of dry dust weigh- 
ing about twenty-five tons was removed every other week, while a 
large quantity was blown away by the wind. 

67 The condition in which the gas was delivered to the next stage 
of cleaning is shown in charts (Figs. 25, 27 and 28) and in Appendix 
4, Table 11, wherein the monthly averages as well as the daily varia- 
tions of the dust contents in the dry cleaned gas are given. These 
curves and particularly Fig. 28, which gives the daily amount of flue 
dust in dry cleaned and clean gas for the period from August to De- 
cember 1909, drawn to a larger scale, indicate quite violent fluctua- 
tions which are due to different operating conditions of the blast 
furnaces. 

68 Heavy slipping will naturally increase the dust contents in the 
raw gas beyond measure. It has an effect very similar to an explosion 
as the sudden upheaval of the stock in the furnaces causes a momen 
tary rise in the gas pressure, illustrated on pressure chart Fig.1. Th 
velocity of travel of the gas through the pipe lines after aslip can easily 
be observed in the rapidity with which clouds of flue dust belch fort! 
from boiler stacks, nearly 1000 ft. from the source of disturbance, 
only a very few seconds after the slipping. Besides the momentar) 
increase in the quantity of dust caused by slipping the furnaces, 
considerable amounts are added from the deposits of flue dust in pip: 
lines, dust legs and dry dust catchers, accumulated for hours and 
days, and disturbed by the sudd -n high velocity of the gas. 

69 The nature of the furnace product has a great deal of influenct 
on the quantity of flue dust produced. While Bessemer and basic fur- 
naces produce about equal amounts in the plant under discussion, 
ferrosilicon and spiegel furnaces make very much more, which more- 
over is very fine and cannot easily be removed from the gas—especi- 
ally not by dry cleaning alone. Thus for instance a sudden increas 
of 270 per cent in the dust contents in the dry cleaned gas occurred 
in March 1909, due to the following cause: For several months pre- 
vious the raw material charged into the furnaces had been consider- 
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February 28, 1909, the watering of the stock was suddenly discon- 
tinued. The result was an increase of nearly 100 per cent in the dus 
contents in the dry cleaned gas, as shown in Fig. 25. It begins with the 
day ending March 4 and shows great fluctuation, while after March 
24 a sudden decrease occurs and the amount of dust for the rest of the 
month shows considerably more uniformity. 

70 The reduction was due to the fact that on March 24 the wat: 
ing of the stock was resumed in a moderate way. The average amou 
of flue dustin the dry cleaned gas in February was 0.4787 grair 
against 1.2951 grains per cu. ft. in March, the corresponding increa 
of dust in clean gas being from 0.1224 grains in February to 0.22: 
grains per cu. ft. in March, or about 200 per cent. The quantities 
gas cleaned per minute were almost exactly the same, namely 14,7 
cu. ft. in February and 14,717 cu. ft. in March, so that the records 
are directly comparable. It cannot be estimated even, how mu 
dust the raw gas contained during March, but when the dry du 
catchers were opened for examination on April 3 it was found that 
the mud in the bottom cones had accumulated to the umbrel 
while large dust and mud deposits were discovered in the pipi 
even, the latter having lost its self-cleaning qualities due to t 
nature of the deposits, which in their muddy condition refused 
slide down into the dust legs. 


PERFORMANCE OF WET-SCRUBBING PLANT—COOLING AND CONDENSI 


EFFECT 

71 The preliminary wet-scrubbing plant was particularly succes 
ful and efficient, and the operation of the wet scrubbers has be 
continuous ever since starting in November 1907. Severalexamin 
tions of the wet scrubbers took place, at times when the gas pow 
station was shut down entirely, and it was invariably found th 
both were in perfect condition. Aside from a thin coating of slim 
flue dust, which seems to have penetrated into the pores of the wood 
there was no sign of any deposit on or around the hurdles. Sin 
oxygen is almost entirely absent, rotting of the woodwork is impossk 
ble. From observations of the condition of the wet scrubbers the con 
clusions may be drawn that it is unnecessary to be particular in sclech 
ing the quality of lumber for manufacturing the slats and that dressi 
it all over could possibly be dispensed with. The distance betwe 
the slats could be made very much smaller than in the two origi 
wet scrubbers, and a spacing of about three inches was adopted | 
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HEINRICH J. FREYN 
the two new ones. No difficulties of any description were encountered 
in the operation of these scrubbers, and the overflow ener. 
from the water sealed basins, shown in Fig. 11b, as well as the disposal 
of the dirty washing water never caused any trouble. 

72 In Fig. 26 and in Appendix 4, Table 12 are shown the effects — 
of wet cleaning upon the temperature of the gas and the corresponding | 
fresh and waste water temperatures. A comparison of the curves 
shows that the gas was cooled practically to water temperature, 
and records show that this cooling action is nearly limited to the first. 
wet scrubber, as the temperature of the gas between the wet scrubbers 
was only a few degrees higher than the clean gas temperature. The 
average temperature of the clean gas for the first half year was vA 
deg., while the temperature of water supply was 53.3 deg. for the same 
period. For the second half of 1909 these temperatures were 67.4 
and 66.7 deg. respectively. The yearly average temperature of the 
clean gas was 61.1 deg., while the yearly average temperature of the 
water supply was 60.0 deg. The temperature of the waste water 
from scrubber No. 1 was on an average 20 deg. higher than the tem- 
perature of the fresh water, while the water from wet scrubber No. 2 
did not exceed the average water supply temperature more than 1.7 
deg. fahr. The first wet scrubber naturally removed the bulk of the 
dust, as was indicated by the muddy, black appearance of the waste 
water, but a good share of the cleaning was done by the second scrub- 
ber, judging by the reddish-brown color of the water discharged. 

73 The cleansing efficiency of the wet scrubbers, that is, the 
ratio of the amount of dust removed by the scrubbers to the total 
amount which they receive is given in Figs. 25, 27 and 28 and in 
Appendix 4, Table 11, which shows the amount of flue dust in clean 
gas, with its daily and monthly variations. The average efficiency of 
the wet scrubbers was nearly 80 per cent during the first, and 78.8 per 
cent during the second half of 1909, while the average yearly efficiency 
reached 79.3 per cent. The drop in the second half, and particularly 
in September and October, is due to the ferrosilicon and spiegeleisen 
runs on blast furnace No. 1. If the relatively high amount of dust 
in the dry-cleaned gas for the same period is considered, as well as the 
fact that silicious dust is exceedingly difficult to remove, this reduced 
efficiency is not surprising. 

74 Of greatest interest is the effect of wet cleaning on the amount 
of moisture in the gas. This information is given in Fig. 25 and Fig. 
29. While the quantity of water used at the wet scrubbers was con- 
siderable, averaging 82.8 gal. per 1000 cu. ft. of gas cleaned, the aver- 
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_ - age amount of moisture in clean gas was only 6.62 grains per cu. ft. 
with a maximum of 13.243 grains in August and a minimum of 
2.61 grains in April. By comparing these figures with the corres- 
ponding average amounts of moisture in atmospheric air, an interest- 

ing coincidence wil! be noted, as the maxima in both cases occurred 

in August while the minima obtained in April. In Appendix 4 are 

\ - detailed results of tests made to determine the cooling and condensing 


effects of the wet scrubbers. 


PERFORMANCE OF SECONDARY CLEANING PLANT <7 q 7 


75 The Theisen gas washer installation in the secondary cleaning 
plant was very successful, both in regard to the mechanical operation 
and the cleaning efficiency of the washers. Theisen washer No. 1, 
started in 1907, was opened for examination on February 6, 1909, 
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after about 7400 hours of operation. The condition of this wnshes 
was as follows: The drum was almost perfectly clean, the longitudinal 
_ vanes showing a coating of soft mud about 3 in. in thickness and 10 
in. in length on the back side near the gas inlet. The total amount 
of mud and dust on the vanes when dried filled a 3}-gal. water pail 
twice, and, except to repaint the drum, the washer needed no attention. 
The paint was worn off the front of the vanes only, especially on the 
outer edges. The wear of the water on the longitudinal vanes, due to 
its velocity and its contents of granulated cinders, was quite notice- 
able at the points where the water happened to impinge. On account 
of a slight defect in construction and the inadvertent use of hard 
high-carbon steel in their manufacture, some of these vanes cracked 
along their rivet holes and needed replacing. Softer low-carbon steel 
has since been used and the longitudinal vanes were braced, as shown 
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in Fig. 19, and this trouble has not again occurred. The wear in the 
babbitt-lined bearings allowed the shaft to lower about xy in. 

76 The wire netting was absolutely clean, while somewhat cor- 
roded in places on the bottom, and the claim that this washer is self- 
cleaning was fully substantiated by the examination. Theisen washer 
No. 2 was opened in March 1910 for its second examination after 
nearly 9300 operating hours, and its condition was found to be equally 
satisfactory. The accumulations of mud were very slight as shown in 


= 


Fig. 30 THEIsEN WASHER DURING EXAMINATION 


Fig. 30 and Fig. 31, photographs, taken immediately after removing 
the top half of the casing. The washers can run continuously for 
months without being shut down. except for occasional cleaning of 
the motors. All smaller repairs on these washers, as well as on the 
whole gas-cleaning plant, are made by the operators, and the expen- 
diture for lubricants and other supplies is amazingly small. 

77 The chart in Fig. 2 shows that the average gas pressure 

fter the Theisen washers was only slightly in excess of the aver- 
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age raw gas pressure, the difference being about 3 in. of water column. 
The advantage of this slight pressure difference is obvious, in contrast 
with the considerably higher pressure given by so-called hydraulic 
fans. Superfluous pressure for the transmission of the gas to the point 
of consumption, must be paid for in excess power. The gas tempera- 
ture at the Theisen washer inlet was practically water temperature. 
while the temperature of the gas delivered by the Theisen washers 
was found’to be on an average 2 deg. to 3 deg. higher, a difference 


Fig. 31 Turrsen WaAsHER—De rai. or Dust 


explained by the fact that the mechanical work consumed by the 
Theisen washers must be transformed into heat, which in portion is 
imparted to the gas. On its way to and in the gas holder this heat is 
again radiated, so that the gas temperature at the engines practically 
equals the temperature of water supply, and only a little difference 
can be observed between the atmospheric temperature and the 
temperature of the fine gas (see Fig. 26). 
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78 The performance of the Theisen washer as a gas cleaner, con- 
sidering the variety of conditions of furnace operation, was beyond 
reproach. By referring to the daily and monthly averages, given in 
Table 13, Appendix 4 and plotted in the charts in Fig. 25 and Fig. 
27, it will be noted that the efficiency of the secondary cleaning plant, 
that is, the ratio of the amount of dust removed by refining to the 
total amount contained in the clean gas leaving the preliminary wash- 
ing plant, averaged 98.1 per cent. While this figure in itself is remark- 
able, it is of much more importance that this efficiency, as shown by 
the close coincidence of the monthly average figures, was exceedingly 
uniform, varying from a maximum of 99.1 per cent in October, to a 
minimum of 95 per cent in December 1909. The average efficiency 
for the first half-year was 97 per cent, while the corresponding figure 
for the second half reached 98.7 per cent. The great variations to 
which the amount of flue dust in dry-cleaned gas was subjected during 
the year, especially however in March and April and during the period 
from the latter part of August until the middle of December, did not 
particularly affect the efficiency of the secondary cleaning plant, since 
in September and October, when the amount of flue dust in dry 
cleaned gas averaged 3 to 4 grains per cu. ft., the efficiency of the secon- | 
dary washing plant shows a very marked uniformity—the average 
from August 25 until November 5 being 98.87 per cent—while the 
efficiency of the wet scrubbing plant gradually decreased from 83 
per cent in July to 75 per cent in August, 69 per cent in September, 
and 57 per cent in October. The amount of flue dust in fine gas dur- 
ing these months was, of course, higher than in any previous period, 
but the efficiency of refining was nearly a constant maximum, irre-_ 
spective of the dust conditions of raw and clean gas and of the quality 
of the flue dust. . 
79 During September and October, when furnace No. 1 made its © 
ferrosilicon run, the color of the waste water from wet scrubbers and 
Theisen washers was very milky, and the dust so high in quantity, — 
and so peculiar in quality, that considerable accumulations occurred 
in the clean gas main and at the inlet gate valves of the Theisen | 
washer. The silicious flue dust seemed to set like cement, and | 
lumps of considerable size and of great hardness had to be removed — 
with a bar, from the inlet gate valves of the Theisen washer. Never- 
theless the efficiency of the secondary washing plant during these - 
two months was higher than during any other period. : 
80 In the previous paragraph the term “efficiency of the second-_ 
ary cleaning plant” was used deliberately in order to indicate that in 


| 4 : : 
q 
* 
q 
a 
a 
\ 
| 
i 
1 
thin, 
4 
id 
ia 
& 
E 
>> 


‘BLAST FURNACE GAS POWER PLANT 


this remarkable showing gas mains and gas holder participated. The 
clean and fine gas flues, connecting wet scrubbers, Theisen washers and 

_ power station gas holder, have a combined length of approximately 
1000 ft., and a diameter of 5 ft. 6 in. and 5 ft. respectively. The total 
quantity of gas passing these mains per minute averaged 16,900 cu. 
ft., with a maximum of 20,300 cu. ft. in October, and a minimum of 
13,600 cu. ft. in January. The velocity of the gas while traveling 
through these pipes did not exceed therefore 14 ft. per sec. in the clean 
gas main, and 17 ft. per sec. in the fine gas main. At this low velocity 
some impurities will undoubtedly drop out in the clean gas main, 
with the finely divided water which is carried along by the gas. The 
fine gas main, however, was always found practically clean; and while 
an examination of the gas holder tank has not been made, it is not 
believed that any great quantities of flue dust would be found in the 
bottom of the tank, as the dust in the fine gas is so impalpable that 
the fine gas burns with an absolutely clear blue flame. However, in 
order not to credit the Theisen washers alone with removing 98 per 
cent of the dust from the clean gas, the efficiency is stated as em- 
bracing the secondary washing plant as a whole, or the combination 
of gas pipes, Theisen washers, water separators and gas holder. 

81 That the Theisen washers must be credited with the bulk of 
the work is proven by the test summarized in Table 14, Appendix 4. 
From the results given it will be seen that the efficiency of the clean 
gas main averaged 16.5 per cent while the fine gas main and the gas 
holder removed only 6 per cent of the dust delivered by the Theisen 
washers, or 0.23 per cent of the dust in the clean gas, proving that but 
little cleaning is done by gravity and reduced velocity. The Theisen 
washers had nearly 95.5 per cent absolute efficiency during the week 
when the tests were made, while their relative efficiency, based on the 
amount of dust in clean gas, was 79.64 per cent. It is safe to assume 
that similar conditions prevailed during the year 1909 and that the 
same relative proportions hold true at any time. The inconsistency 
in some of the results obtained afterthe Theisen washers and after the 
gas holder, which wouid indicate the impossible condition that the 
gas picked up a certain amount of dust on its way from washers to 
holder, is due to the small quantities on the shell of the Brady filter, 
which have to be dealt with in fine gas and cause errors in observa- 
tions. 

82 Since starting the gas power plant in 1907 the absolute amount 
of dust in the fine gas naturally continued to increase gradually, or- 
responding to a similar increase in the amount of gas cleaned pet 
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minute, shown in Fig. 32. At the beginning of operations the gas 
engines received gas of a degree of cleanliness excessive for practical 
purposes. Thus the average dust contents in the fine gas in the second 
half of 1908 was only 0.0036 grains per cu. ft., or 0.0077 grams per cu. 
m., Which is much less than the average usually guaranteed. An 
excessive purification of blast furnace gas, even for engine purposes, 
is unwarranted, because the atmosphere in a steel plant is usually 
very dirty, and it seems quite out of place to purify the gas to a higher 
degree of cleanliness than the combustion air, unless the latter is to 
be subjected to a similar cleaning process. Tests made in July 1909 
to determine the quantity of impurities contained in the air near the 
air intake of the gas engines showed the amount to be between 0.0005 
and 0.0052 grains per cu. ft. with an average of determination (given in 
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Table 15, Appendix 4) of 0.00346 grains per cu. ft. The amount of dirt 
in the air is therefore by no means a negligible quantity. The detri- 
mental character of these impurities is also apt to be underestimated. 
In Appendix 4, Table 16 is a comparison of the chemical analyses of 
samples of the deposit on the gas and air dampers in one of the gas 
engines, taken in February 1909. It is to be noted that the gas never 
comes in contact with the air dampers, so that the samples fairly 
represent the accumulation of dirt deposited by the combustion air. 
83 A comparison of the four analyses shows the surprising fact that 
the amount of iron in the dust sample taken from the air dampers is 
about twice as great as in the dust deposited on the gas dampers. If 
this is true—and there is no room for doubt, as the samples represent 
the accumulations of more than one year, the dampers never having 
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been cleaned—it follows that appreciable quantities of iron, sand and 
coke enter the engines with the combustion air. 


QUALITY OF FLUE DUST 


84 The chemical composition of the flue dust removed from thw 
gas at various stages of the cleaning process was made the subject o/ 
analysis in March 1908. Samples were taken at the following points: 
dry deposit from the main water seal and collecting tlue after dry 
dust catchers, suspended matter secured by evaporation of samples 
of the waste waterfrom wet scrubbers No. 1 and No. 2 and the Thei- 
sen washers. The results of this test are shown in Table 17, Appendix 

_ 4, all analyses giv ing metallic iron and manganese as Fe and Mn, 
while the constituents exist in the form of oxides. Fixed carbon is 
mostly coke, and the volatile matter is the CO, from limestone. This 
table shows that the relative amounts of silica, alumina, lime, etc., 

_ increase gradually, more and more of the heavy impurities such as Fe 

_ dropping out the further the cleaning process progresses. 

85 A similar test was made in March 1910, with the difference, 

_ however, that there was an attempt to determine the quality of the 
dust remaining in the gas while passing the various stages of gas 
cleaning. In this case the method of securing samples consisted in 
connecting Brady filters at the various points and turning the gas on 
simulta neously at all filters. Irrespective of the size of the gas sam- 
ple, the cartridges were not removed until sufficient quantities of dust 
had collected for quantitative and qualitative analyses. It was 
imposs ble to obtain a sufficiently large sample for analysis on the 
Brady filter installed after the Theisen washers, fur while the filter 
passed the gas very rapidly for a few hours, the flow gradually dimin- 
ished as the dust in the fine gas closed up the pores of the paper. 
After a 36-hr. run the flow through the filter had stopped completely 
and the dust collected on the Soxhlet tube appeared as a dull gray 
coating, which could not be removed. The results of this experiment 
are given in Table 18, Appendix 4. 

86 The relative amount of SiO, carried in the gas is practically 
constant before any wet washing takes place, but the percentage 
increases in the clean gas, with decreasing relative contents of iron. 
The wet scrubbers remove the bulk of the iron dust, while the lighter 
impurities are carried over into the Theisen washers. A sample of 
the dust deposited in the gas pipe on one of the gas engines immedi- 
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ately before the gas enters the cylinders at the end of its travel, taken 
March 15, 1910, was analyzed as follows: 


SiO, Al,0, Fe CaO MgO Mn Vol. 
36.20 7.53 7.18 12.50 0.90 0.49 34.32 
rhe high percentage of silica, lime and volatile matter, and the very 
low contents in iron are noteworthy, and show that silicious dust, 
lime and coke are carried by the gas much farther than iron, which 
is removed to the greatest extent in the first stages of cleaning. 
87 Due to sulphur in the coke, blast furnace gas contains a cer- 
tain amount of this impurity in the form of H2S and SO,. Its pres- 


Fia. 33 Corrosion or VALVE CASING BY SULPHUR IN Gas 

ence was discovered after some length of operation of the gas engines. 
{t was found that several of the exhaust valve casings showed very 
pronounced corrosion, at a place indicated in Fig. 33 and it was con- 
cluded that some chemical action had taken place. Two tests made 
Feb. 2, 1909, showed the presence of 0.0416 and 0.0407 grains per cu. 
{t. of sulphurinthegas. It was further discovered that the fine flue dust 
accumulating in thin layers in the gas passages to the engine cylin- 
ders, can be lighted and glows with a blue color, unmistakably giving 
out SOQ, vapors. The corrosion in the exhaust valve chambers was 


aused by water leaks from the original i inner exhaust valve guides, 
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_ which cracked as indicated in the iilustration. The water coming in 
contact with the hot exhaust gases formed H.SO,, which impinging 
on the wall of the exhaust valve chamber, had the corrosive effect. 
The presence of sulphur in blast furnace gas for this reason prohibits 

the use of sheet-iron exhaust pipes and mufflers, while corrosion has 
never been observed when cast iron is used. It was attempted, some 
time ago, to utilize the waste heat from the exhaust of these engines 
to raise low-pressure steam for use in the heating system of the power 

house, in wrought-iron pipe coils arranged inside the cast-iron muf- 

flers, and while the results were very satisfactory from the standpoint 
of heat transmission, this heating system was a failure on account of 
the rapid corrosion to which the heating coils in the mufflers were 
subjected. 

88 The amount of moisture remaining in clean gas, fine gas and 
air, as wellas the variation from day to day and from month to month, 
are shown in Figs. 25 and 29. 

89 While the Theisen gas washers receive the gas at practically 

water temperature, so that a condensation of water vapors by cooling 
is improbable, the amount of moisture in the engine gas is neverthe- 
less lower than in the clean gas, and this in spite of the exceedingly 
intimate contact between gas and washing water in the Theisen wash- 
ers. The indications are therefore that the Theisen washers remove 
not only dust, but moisture as well, probably by the action of centri- 
_ fugal force, which throws gas and water vapors against the circulat- 
ing water film on the inside of the stationary casing, thereby drying 
the gas mechanically. Furthermore a great deal of moisture is being 
deposited in the fine gas main and gas holder. The average moisture 
in the gas delivered to the engines was 3.39 grains for the first half, and 
7.85 grains for the second half of 1909, with a yearly average of 5.62 
grains per cu. ft. Comparing these figures with the corresponding 
values in clean gas and atmospheric air, it will be seen that the aver- 
age moisture in the engine gas for the year is 60 per cent higher than the 
average moisture in the atmosphere, which is considered very favor- 
able in view of the high moisture contents in raw gas and the large 
quantity of water which is brought into such intimate contact with 
the gas. 

90 The effect of the sun beating down on gas mains and gas holder 
is very noticeable in the summer months, accounting for the high 
moisture contents in July, August and September. Pipes and holder 

become quite hot and the finely divided mist in the gas is rapidly 

- evaporated, as indicated by a drip installed near the venturi meter. 


A 


Drops or small streams of water are freely discharged in the os 7 
months, while the dripping ceases as soon as the atmospheric tem- 
perature exceeds about 78 deg. fahr. The moisture carried with the 
gas into the engine cylinders has not given cause for trouble at any 
time. 


WATER AND POWER CONSUMPTION OF CLEANING PLANT 


91 Fig. 34 shows the average monthly consumption of water 
since July 1908 in gallons per 100) cu. ft. of gas cleaned, as estab- 
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lished from daily weir measurements. It is to be noted that the 
Water consumption of the wet scrubbers is about four times as high 
as that of the Theisen washers, for the same quantity of gas cleaned. 
The latter varied from 26.1 gal. in February to 16.0 gal. in July, with 
an average of 21.8 gal. for the first and 17.0 gal. for the second half, 
and 19.4 gal. per 1000 cu. ft. of gas for the whole year. The corre- 
sponding figures for the wet scrubbers were a maximum of 103.2 gal. 
in April, and a minimum of 68.6 gal. in October, with an average of 
91.0 gal. for the first half, 74.6 gal. for the second half, and 82.8 gal. 
per 1000 cu. ft. for the year 1909. 
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Flow of Blast Furnace Gas 


Through a 60 In, by 20 In. Venturi Meter 


Upstream Pressure, 29.5 In. Mercury Abs. 


Density at 62°F, and 29.92 In, 0.0767 Lb, per Cu. Ft 
Value of Constant Rin PV =RT, 52.7 
i Katio of Specific Heats, 1.38 


Coefficient of Meter, Oo 


WY 


and 29.92 Ins. Bar. 


Temperature at Meter’ F 
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Pressure Difference- Inches of Water 


Fie. 35  Venrurt Merer Curves sHOWING FLow or Gas FoR DIFFERENT 
Meter Reapinas 


92 The high water consumption in the first part of the year is due 
to the smaller quantity of gas cleaned. About the same absolute 
quantity of water was maintained on the scrubbers. Generally speak- 

ing, the quantity of water used in the wet scrubbers could probably 
be reduced without impairing their efficiency, but it is preferre:i to 
(use water in excess rather than to run the risk of clogging the sewers, 
especially since the question of economizing washing water is of no 
particular importance in a plant located on the lake front. — 
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93 Inregard to the amount of power required by the gas cleaning 
plant, Fig. 34 shows the monthly average power consumption of wet 
scrubber pumps and Theisen washers, expressed in per cent of the 
output produced by the gas engines. About 90 per cent of the total 
power is being used by the Theisen washers, only 10 per cent being 


necessary to operate the wet scrubber pumps. The average power 
consumption of the Theisen washers was 2.977 per cent of the total 
output of the station, and the respective values for the first and second 
halves of 1909 were 3.00 per cent and 2.931 per cent, with a maximum 
of 3.44 per cent in February and a minimum of 2.649 per cent in 
December. 
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94 These figures are somewhat higher than are often claimed fo: 
similar washers abroad, but an average power consumption for the 
gas-cleaning plant, of from 3 per cent to 3.5 per cent of the total power 
output of the gas engines, should not be considered excessive in view 


4) Fic. 37. Exterior View or Test Piping q 


of the benefit which is being derived from this expenditure. It is 
worthy of note also that the engine builders who furnished the gas 
engines for the plant under discussion have never found fault with 
the physical condition of the gas, while more or less vigorous coin- 
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plaints about “excessive dirt” in the gas are generally advanced as 
soon as trouble develops in the engines. The necessity of auxiliary 
machinery is furthermore not characteristic of gas engine installations 
alone, as boiler-feed pumps, hot-well pumps, dry-air pumps, forced- 
draft ventilators, mechanical stokers, etc., are indispensable for steam 
engine plants consuming probably as large a percentage of the power 
developed. 

95 It has been shown in the previous pages that the blast furnace 
gas was delivered to the gas engines in a highly satisfactory physical 
condition. The gratifying results of the thorough cleaning and refin- 
ing of the gas were that no difficulties which might have been caused 
by insufficiently cleaned gas were ever experienced in the operation 
of the gas engines, and these engines never had to be stopped for the 
specific purpose of cleaning internally the gas valves and gas pas- 
sages. The amount of dust deposited on internal engine parts was 
invariably so small that it could be brushed off with the finger, 
and these engines could undoubtedly operate at full-load capacity 
a whole year and longer without cleaning the gas inlet passages and 
cylinders. 

96 Blast furnace gas delivered to the power house is charged to 
operation of the engines at a value based on the price of coal with the 
cost of cleaning and refining added to the value of the raw gas, which 
is established on the basis of equivalent heat values. In order to 
determine the charge made for purified blast furnace gas delivered 
to the gas power plant, a continuous record is being kept of the quan- 
tity of gas flowing to the gas holder, venturi meters being used as 
measuring instruments. Details of the methods are given in Appen- 
dix No. 5. Charts relating to meter measurements are shown in Figs. 
35 and 36. 


THERMAL EFFICIENCY AND OUTPUT OF GAS ENGINES A 


97 It seemed desirable in connection with the installation of six 
gas blowing-engines, furnished by three different manufacturers, to 
provide means for determining the thermal efficiency of each type of 
engines without interfering with the regular operation of the others. 
To this end a special venturi meter was installed and connected to a 
“test” pipe, shown in Figs. 23a and 37. By opening the disc valve 
located inside the overhead gas receiver, which controls the flow of 
gas through the venturi meter into the large reservoir for equalizing 
pulsations caused by the intermittent suction strokes and test pip- 
ing, and by turning one small spectacle valve while simultaneously | 
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shutting off the direct gas supply from the overhead receiver by filling 

the water seal, any engine can be operated on measured gas while the 

others receive gas directly through the branch pipes. Such tests can 
be commenced at any convenient time, and prolonged and repeated 

at will. A Bristol differential pressure recorder installed in the blow- 
ae room gives continuous records of each test, so that reliable 
averages can be obtained of the gas consumption under different oper- 
ating conditions. 

98 Fig. 38 shows the monthly averages of the kilowatt output of 
_the power station, of the heat consumption in B.t.u. per kw-hr. and 
per b.h.p-hr. based on a generator efficiency of 96.2 per cent at full 

load, and of the thermal efficiency. The diagram also shows the total 
operating time of each engine since starting. 

99 The thermal efficiency of the plant was very uniform from 
the middle of 1908 until about May 1909, averaging 23.22 per cent. 
The drop which began in May and reached a low value in October, 

was due to certain troubles encountered with gas cylinders and 
piston rings, etc. These could not be remedied at that time, as on 
account of the ever-increasing demand of electric power and the lack 
of a spare unit, it was impossible to shut the gas engines down suffi- 
- ciently long for a thorough overhauling and for necessary repairs. 
Doubtless with an additional spare engine the load factor would have 
been lower than the average for 1909, which reached 72 per cent, but 
- the thermal efficiency would have remained constant—or nearly so— 
since the necessary repairs, adjustments and changes could have been 
made on these engines in time, without reduction in the total kilo- 
- watt output of the power plant. In spite of this reduced efficiency 
in the second half of 1909, the average figure obtained for the whole 
_year—not as the result of one or of several individual tests, but as 
7 the fair average of daily observations, proper corrections having been 
_ made for the inexact readings caused by dust in the venturi meter 
7 in September and October—was 20.8 per cent, with a maximum 
_monthly average of 23.77 per cent in March, and a minimum of 17.8 
per cent in October. The highest daily average efficiency in 1909 was 
25.7 per cent on March 11. 

100 During the year 1909, the engines, while in operation, ran 
at nearly full-load capacity, the average for the four engines ranging 
from 93.60 to 99.63 per cent. 

101 The values of the total kilowatt output of the gas power plant 
for each month since regular operation was begun, are plotted in fig. 
39, showing that the maximum output for any month occurred in 
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October 1908, when 5,000,000 kw-hr. was produced. ‘The output o! 
the gas power plant for the year 1909 was 50,494,100 kw-hr. against 
43,953,640 kw-hr. produced by the steam-driven generators. The 
load factor for 1909 of the gas power plant was 72 per cent, against 


1909 
1 3 56 7 8 
TOTAL OUTPUT OF POWER STATION 
| K. W. HOURS PER MONTH 


Fic. 39 Torat Output or Gas Power Piants (MONTHLY AVERAGES) 


_ 47 per cent for the steam power stations, which have a rated capacity 
of 10,900 kw. The total output of electric power generated in 1909 
was 94,447,740 kw-hr., 53.5 per cent of which was produced by the 
_ gas power plant. 
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on APPENDIX NO. 1 


MONTHLY RECORDS OF THE POWER PLANT (8000 KW.) 


TABLE 2 MONTHLY RECORD OF KILOWATTS PRODUCED PER HOUR _ 


; Per Cent of No.of Furnaces 
Month 1% Kw. per Hr Capacity in Blast 
Average for second half........................... 5920 74.0 


TABLE 3 MONTHLY RECORD OF OPERATING TIME 


Plant down 
1909 Plant inOperation > 


Due to engines Due to outside causes 


| 
Month Hr. Per Cent Hr. PerCent Hr. Per Cent — 
529 
Average for first half................ 507 
September......... 595 
632 
609 
Average for second half.............. 617 
Average for 1000.................... 562 
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July 
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January 
February 
March... 


September... 
October...... 
November. 

December 


Average for second half 


Average for 1909 
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Plant down 


Due to operation 


Hr. 


Per Cent 


100.0 
100.0 
83.5 
100.0 
100.0 
94.0 


97.0 
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TABLE t{ MONTHLY RECORD OF LOSSES DUE TO OUTSIDE CAUSES 


' 
Month 


Hr. 


= 


Due to lack of gas 


Per Cent 


16.5 


|| 
6 5.5 | 99 04.5 
— 3 33.0 88 67.0 
30.0 82 70.0 
7 7 20.0 66 80.0 
1 98.5 1 1.5 
59 88.0 | 8 12.0 
Average for first 37 39.5 57 60.5 
78 5 6.0 
@ 
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APPENDIX NO, 2 


DATA UPON GAS PRODUCED IN THE BLAST FURNACES 


METHODS OF CALCULATION OF QuANTITY OF Gas PropuUCED 


102. The ‘nitrogen method’’ assumes that the nitrogen in the air, amounting 
to 79.3 per cent by volume, passes through the blast furnace unchanged, so 
that the same quantity must be found in the exit gas of the furnaces. Since 
the average gas composition is known, the percentage of nitrogen can be deter- 
mined by difference. The amount of air blown is based upon the revolutions of 
the blowing engines corrected for volumetric efficiency of the blowing tubs and 
for 5 per cent assumed loss of air between tubs and tuyeres. Thus, for instance, 
in August 1909 blast furnace No. 6 produced on natural blast a daily average of | a 
496.5 tons of Bessemer iron, using 37.5 per cent Pocahontas and 26.5 per cent J 
Connelisvitle coke with an average coke consumption of 2148 lb. per ton of — 
iron. The average gas analysis for the same month was as follows: 


CO: Co H CH, N (by difference) 
‘, 14.23 25 28 4.65 0.23 55.61 
 B.t.u. per cu. ft. at 62 deg. fahr. = 96.8 
B.t.u. per cu. ft. including sensible heat at 500 deg. = 105. _ 
- Temperature of air at blowing engines = 94 deg. fahr. 
Cu. ft. of air blown per min. = 40,990 
_ Cu. ft. of air blown per min. at 62 deg. fahr. = 38,610 ba 
_ Average blast pressure = 15.1 lb. 
Cu. ft. of air to furnace per min. including 5 per cent loss at 62 deg. My 
fahr. = 36,690 
Volume of gas per volume of air at 62 deg. N unchanged = 1,426 
Cu. ft. of gas per minute N method = 52,300 
According to this calculation No. 6 furnace produced about 153,000 cu. ft. 
of gas per ton of pig iron made in 24 hr 
103. The nitrogen method, however, is subject to serious errors from the 
presence of moisture and foreign gases in the air as blown, and from air leak- 
age and inefficiency of tubs. The ‘‘carbon method,”’ which is considered more 
reliable, assumes that the carbon entering the furnace in the form of coke, must 
reappear in the form of gas, the amount of carbon in the limestone being equal 
approximately to that in the iron and slag. If A = per cent of carbon in the 
coke as charged, B = lb. of carbon in 1 cu. ft. of blast furnace gas, the amount 
of gas produced in cu. ft. permin. = ane a x = 
Calculating the amount of gas according to this method, furnace No. 6 liber-_ 
ated 51,310 cu. ft. of gas per min., or 149,000 cu. ft. per ton of product in 24 hr. 
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TABLE5 DISTRIBUTION OF GAS FROM BLAST FURNACE NO. 


Avausr 1909 


Million B.t.u. Per Cent 


Total gas generated 
Stoves and leakage 
Blowing engines 
Used at furnace 
Auxillaries 


Total used for blast furnace operation 
B.t.u. surplus for furnace 


104 The results of nitrogen and carbon methods do not, however, always 
agree as closely as in this instance. The average coke analysis for the month 
of August, from which the amount of carbon charged into the furnace was 
determined, was as follows: 


Per cent moisture cent fixed carbon (dry) 
Pocahontas 2.64 90.10 
| 


Connellsville 1.94 87.38 


105 For the distribution of gas it is assumed that 40 per cent goes to the 
stoves and is lost by leakage. The amount of gas used for the blowing engines 
is calculated from the boiler horse power, the latter being determined by the 


quantity and pressure of air blown, the steam rates of engines and the evapo- 
ration per boiler horsepower. The B.t.u. equivalent of boiler horsepower for 

steam distribution in the current month is equal to — —_ ee 

boiler efficiency 
and the latter is arbitrarily assumed to be 55 per cent. It is further assumed 
that 150 boiler h.p. is used in steam at each blast furnace and that all auxilia- 
ries use 5 per cent of the steam going to the blowingengines. The difference is 
the surplus gas per furnace available for other departments, which is stated 
in the equivalent of boiler horsepower. Using the former example for an illus- 
tration, the total amount of B.t.u. in the gas produced per hour by furnace 
No. 6 was in August 1909, according to the carbon method, 324.1 million. 
The distribution was as abovein Table 5. 

106 The surplus gas was used for operating gas engines in the gas electric 
station and for raising steam for steam electric power. In this way a B.t.u. 
balance can be made for all furnaces in each month, as the total! kilowatt-hours 
produced in the electric stations and the amount of coal which had to be 
fired under the boilers are known. 
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TABLE 6 GAS PRESSURES 


Montaty AveRaGEs, IncHEs or WATER 
March April May 


Entering gas- 

cleaning plant.. 5.0 7.6 
After Theisen 

washers 9.4 
Barometer, inches 

of mercury .... 29 44 2 29.36 | 29.31 


9.7 


i 
July I . July Dec, Jan. Dec. 


Entering gas- 

cleaning plant 9.1 13.4 12.2 11.9 9.29 
After Theisen 

washers...... 11.9 16.5 14.8 14.9 12.10 


Barometer, inches 
of mercury : 29.45 29.42 29.41 29.45 29.37 


TABLE 7 COMPOSITION OF GAS FROM INDIVIDUAL FURNACES a 


AVERAGES 


Blast Furnace No. tou. Product 


Ferro-Silicon 
Basic 

Basic 

Basic 
Bessemer 
Bessemer 


TABLE 8 COMPOSITION OF MIXTURES OF GAS FROM VARIOUS FURNACES - 


AVERAGES 


Blast Furnace No 


30.02 

28.01 

25.10 

27.25 

3 25.15 

1,2,3, 1,5 and6.. 26.66 


aT 
139 q 
} TABLES RELATIVE TO BLAST FURNACE GAS 
1909 une Average 
7.6 6.7 
9.8 9.2 
EC 4.36 33.71 3.41 7.75 120.4 
26.34 4.43 1.95 96.7 
23.97 4.43 1.60 91.4 
24.99 4.10 1.79 04.1 
ee 14.17 25.61 3.85 1.81 95.5 
25.32 4.26 1.85 95.7 
co 
H B.t.u. Product 
CO, 
4.09 2.65 102.8 
4.32 1.80 94.1 Basic - 
4.09 2.33 100.6 ocean 
4.43 1.81 94.0 Basic : 
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TABLE 9 AVERAGE COMPOSITION OF BLAST FURNACE GAS 


At 62 Dea. Fanr. anv 20 In. Mercury 


Avg. 
Apr. May June  Jan.- 
June 


12.43 13.10 12.82 
26.67 26.49 
3.16 3.44 
0.21 0.215 
98.81 97.32 
co 
Ratio CO. 2.15 
Heat value per cu. ft. by 
Calorimeter B.t.u... 98 .08 


2.07 


97.49 


Avg. 
Dec. July- 


13.88 13.75 

24.70 25.85 

3.59 3.98 

0.19 0.15 

Ratio co: 2 2.17 1.78 1.88 
Heat valve per cu. ft. by Calori- 


é 
> 
= 
Avg. 
July Aug. Sept. Oct. Nov. 
Dec. 
26.54 26.51 
> 3.78 3 57 
0.18 0.19 
2.12 2.09 
99.20 98.30 
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DESCRIPTION OF METHODS AND INSTRUMENTS USED IN 
OBTAINING DATA UPON THE PERFORMANCE OF THE GAS 


CLEANING PLANT 


107. Temperatures. The temperature of the gas entering the cleaning plant 
is measured and automatically recorded by « Bristol pyrometer. Readings of 
the gas temperature are taken by the operators every three hours, after the 
dry cleaning plant, after the wet scrubbers, and before and after the Theisen 
washers, the last temperature being also recorded by a Bristol recording ther- 
mometer. Temperature readings are further taken at the inlet and outlet of 
each gas holder. All thermometers have the fahrenheit scale and are perma- 
nently installed in the pipelines. The water temperatures are read every three 
hours at the pump suction, after each wet scrubber and after the Theisen 
washers. For the purpose of comparison the temperature of the atmosphere 
near the washer building is simultaneously recorded. Portable thermometers 
with the fahrenheit scale are used for measuring water temperatures. 

108 Pressures. Readings are taken by the operators every three hours, by 
means of ordinary U-tubes, of the gas pressure in inches of water at the follow- 
ing places: at the point where the gas enters the cleaning plant, between the 
wet scrubbers, and before and after the Theisen washers. In addition, the pres- 
sure of the raw gas at the main water seal, and of the fine gas after the Theisen 
washers, is continuously recorded by Bristol pressure gages. For convenience 
of observation all instruments indicating and recording gas and water pres- 
sures, temperatures and venturi meter pressure differences, are arranged on a 
gage board (Fig.40) installed in the Theisen washer building. On the same gage- 
board the telephone gongs and the optical indicators showing the position of 
the two gas-holder bells are mounted. By a simple system of contacts each 
gas-holder bell, while descending, closes five different electric circuits, and 
causes incandescent lights to burn corresponding to its different positions. 
Thus a white light burns when the holder is in its top position; a green light 
appears when the holder bell has descended 7 ft. ; one red light, indicating danger, 
corresponds to a 14-ft. immersion of the holder bell, and two, and at last three, 
red lamps show that the bell has fallen 21 ft. and 28 ft. respectively, and is 
hearing its bottom position. When the three red lights burn the gas holder is 
practically empty. Similar optical indicators are installed in the electric 
power and gas blowing-engine houses, so, that the engine operators can indc- 
pendently observe the position of the gas holders at any time. 

10) Power Consumption. As all Theisen washer and pump motors are oper- 
ated by 440-volts alternating current reduced in special transformers from 2200 

volt, 25 cycle, 3-phase current generated in the electric station, an integrating 
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kilowatt meter was installed at the main switchboard to measure the combined 
power consumed by all gas cleaning plant motors. Unfortunately, the motor- 
driven air compressors for starting the gas engines are on the same line, so that 
the power for two 50-h.p. motors is included in the meter readings; but since 
each air compressor is running only about one hour each day, the error is be- 
lieved to be of little weight. However, it must be kept in mind that on this 
account the recorded power consumption of pumps and Theisen washers is 
higher than the actual values. A portable ampere meter for use in the Theisen 
washer building can easily be attached to each motor and read by the operator 
every three hours, and the readings are recorded in the daily report sheets. 
These ampere meter readings give the only indication of the load carried by 
each Theisen washer. As all washers operate in parallel, one machine, by a 
slight misadjustment of the inlet and outlet gate valves, may handle 
more gas, thus carrying more load, and cleaning its share of the gas to a less 
extent than the other washers. The ampere meter will indicate such an 
inequality in the load distribution, and the operators have orders to keep the 
ampere readings on all washers in operation fairly uniform, by proper adjust- 
ment of the gate valves. The indications of the ampere meter, averaged for 
each month, are used to divide the power charges in proper proportion between 
the pumps in the preliminary washing plant and the Theisen washers. 

110 Water Consumption. The amount of water consumed each minute in 
the gas-washing plant is measured by overflow weirs at the settling tank. A 
hook gage gives directly the number of gallons of water per minute falling over 
the weir so that the operator reads the water quantity as easily as a thermome- 
ter. The settling tank has two compartments, so that the water from the wet 
scrubbers can be turned into one, while the Theisen waste water is flowing into 
the other compartment. Gates make it possible to reverse these flows and to 
shut off each settling tank for cleaning. The amount of water allowed at each 
wet scrubber and Theisen washer, originally apportioned by means of cali- 
brated barrels, is adjusted in practice by estimating the relative quantity 
basing the estimate on the thickness of the stream at each Theisen water inlet 
and at the wet scrubber overflow. The water used for gas-washing purposes is 
waste cooling water from the blast furnaces, formerly discharged into the sewer 
but now collected and piped to the Theisen washers under its natural head, 
while another part is lifted on top of the wet scrubbers by two centrifugal 
pumps of 2,000,000-gal. capacity each. These pumps receive the water under 
30 ft. head and deliver it at a pressure of 80 ft. for distribution through the 
sprinkler system. 

ll! Dust and Moisture. Gas engine builders usually specify the amounts of 
dust and moisture which should not be exceeded for safe operation. Recent 
spec ' fications call for blast furnace gas containing not more than 0.02 grains of 
flue just and not over 10 grains of moisture per cu. ft., at 62 deg. fahr. and 30 in. 
mercury. With an efficient, modern gas-cleaning plant it is not difficult to meet 
thes» conditions, as is shown in the paper. Dust and moisture determinations 
are nade in the gas laboratory, and recorded on daily chemical report blanks 
(Fig. 6). The amount of dust is determined in dry cleaned gas, clean gas and 
fine sas, and occasionally in the atmosphere, while moisture determinations 
are cade in clean‘and in fine gas. For purposes of comparison the moisture 
in the atmosphere, as determined at the dry-blast plant, is also recorded. 
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Results are given in grains per cu. ft. of standard gas, and by a simple 
cealeulation the efficiency of the wet scrubbers and of the secondary washing 
plant can be determined each day. 
112 While frequently tried, it has been found impossible to make dust 
———s in raw gas, which give more than a general idea of the efficiency 
of the dry cleaning plant. The difficulty is that the raw gas frequently carries 
larger particles of dirt, which obstruct the sample pipe and clog the dust filter 
_ before a gas sample of sufficient size for correct determination can be secured. 
- 113 A series of tests extending over eight days was made in August 1908, 
with the regular dust filter apparatus then in use, but since no results were 
_ obtainable, a long glass tube open at both ends and filled with dry calcium 
_ chloride was then weighed and attached to the gas main in place of the dust 
filter. After passing several cubic feet of gas, the glass tube was taken off, 
closed at both ends and weighed, the difference in weight giving the total 
amount of dust and moisture. The amount of dust was determined by drying 
and weighing again as the difference between the second and third weighings. 
This apparatus was found to be a little more satisfactory, as larger samples 
could be taken, but gradual filling of the pipe with dust made the accuracy of 
the results very doubtful. The size of the gas sample secured never exceeded 
6 cu. ft., with an average of about 2 cu. ft. 
114 Tests made in August 1907 gave similarly unreliable results, as thie 
amount of dust in raw gas, according to these determinations, varied from 0.18 


¢ 


grains per cu. ft. at 2 p.m., August 7, to 563.19 grains per cu. ft. at 4.30 p.m. 
August 29. Such extreme variations are improbable, and as the results 
_ obtained cannot represent a fair average, raw gas dust tests were discon- 


tinued as of questionable value. 

115 The method and the instrument used for the determination of dust in 
clean and fine gas were developed by Messrs. Wm. Brady and L. A. ‘Touzalin. 
a - The Brady filter (Fig. 41) consists essentially of a brass cylinder provided with 
_ inlet and outlet and supporting the filter itself, which is an ordinary 94 x 33 mm. 
_ Soxhlet extraction shell. The brass cylinder is of such diameter that an annular 
space of about # in. is formed between its inner surface and the paper filter. 
The filtering shell is fastened and held tightly in place without the aid of 
gaskets, by wedging its open end between the tapering cylindrical faces of tlie 
brass shell and the brass nozzle, as shown in the illustration. This method of 
fastening has the additional advantage that for a distance of about one-half 
an inch from the edge, the Soxhlet shell is protected from dust deposits so that 
the filter can safely be handled after the experiment. The brass nozzle forming 
the inlet of the apparatus is provided with inside threads so that it can be 
screwed to a sampling pipe. Its inside surface is perfectly smooth, without 
ledges or places for the accumulation of dust. A brass nut holds the three 
parts of the instrument in place. The apparatus may be used in any position, 

but the preferred arrangement is horizontal. 

116 When the gas to be filtered contains moisture the filtering device must 
be heated to about 110 deg. cent. by any suitable means, but preferably by 
surrounding the brass shell with an electrically heated sleeve as shown in 
Fig. 42, which represents the sampling pipe, Brady filter, moisture tubes and 
gas meter assembled ready for use. The nipple on the outlet end of the !rass 
cylinder is threaded so that it can be removed and replaced by aluminum 


4. 


FREYN 


HEINRICH J, 


= — 
£45 
| 
— 
a5 
ik 
| 
| 
: 
> 


446 BLAST FURNACE GAS POWER PLANT 


tubes filled with a dehydrating agent such as calcium chlorid, in case it is 
_ desired to determine the moisture in the gas. 

117 The Brady dust filter was chosen for use as standard instrument on 
account of its advantages over other methods. It is very simple, easily assem- 
bled and taken apart, perfectly tight, and it fulfills the requirement that the 
gas issuing from the sample pipe should pass over very little surface before 
being filtered. The principal advantage, however, is the use of a strong cylin- 
drical filter which resists the gas pressure much better than the thin sheet of 
filter paper used in other instruments. The Soxhlet shell maintains a porous 
condition even though much fine dust has been deposited owing to the forma- 
tion of concentric layers of dust and their subsequent cracking by the action of 
gravity and slight jarring. Gas samples of twice the size permissible in other 
instruments can be passed through the Brady filter. Fig. 43 shows five Brady 
filter shells after use for determination of dust at the main water seal, before 
and after the wet scrubbers, after the Theisen washers, and after the power 
station gas holder. The feature of keeping the filter porous for large samples 
is noticeable, particularly in the shell on the extreme left. 

118 Whenever determinations of dust and moisture, or both, are desired, the 
instrument must be placed as close as possible to the pipe where the sample is 
to be taken. The sampling pipe used, shown in Fig. 42, consists of a 4-in. brass 
pipe curved with a radius of not less than 6 in. and smoothly polished on the 

inside. It is inserted in the gas flue, if possible on a horizontal diameter at 
least 15 ft. away from any bend or obstruction, to a distance of one-fourth to 
one-third of the diameter. The inlet opening is reduced to a sharp edge, so that 
there is as little local disturbance at that point as possible. The question of the 
proper form of sampling pipe was decided in favor of the curved pipe, against 
the straight pipe with standard 4-in. insertion in the gas main. Experiments 
were made at various times to determine the amount of flue dust, by simul- 
taneously using both forms of sampling pipe inserted at practically the same 
place in the gas flues. 

119 A comparison of the results of these tests shows plainly the difference in 
the effect of straight and curved sampling pipes on the size of the gas sample, 
which generally speaking is larger with the curved pipe. This advantage is, 
however, of secondary importance, compared with the material increase in the 
dust contents recorded by sampling the gas with curved pipes. This increase 
is particularly noticeable in testing dry cleaned gas, and shows that the hea\ ier 
particles of dust cannot easily be induced to change their direction of travel 
to enter the straight sample pipe at right angles, but pass by the opening, 
which is parallel with the gasstream. The difference in results averages nearly 
100 per cent in favor of the curved sampling pipe. 

120 {n the clean gas tests this difference is considerably less marked and the 
average size of the gas sample obtained is even smaller, while the amount of 
dust recorded when using the curved sampling pipe is only 84 per cent larger, 
because the dust remaining in clean gas is of much finer quality and of less 
specific gravity, so that the particles will much more easily change their direc- 
tion of travel. No difference at all, however, can be observed when dealing 
with fine gas. The averages of two series of tests coincide exactly, and only 
slight deviations are noticeable in the individual readings. The average size 
of the gas sample taken with the curved pipe is 14 per cent larger then the sample 
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obtained with the straight sampling pipe. This experience is valuable as it 
shows that dust determinations in fine gas are very much less influenced by 
variations in the method of sampling, which further suggests that results will 
not be materially affected by variations in the instruments and methods used 
for dust determinations in fine gas. 

121 As the original gas pressure is usually—in fine gas always—suflicient to 
cause the gas to flow through the filter, an aspiration of the sample is unneces- 
sary. The determination is made as follows: The Soxhlet shell is first dried and 
weighed in a glass weighing bottle, then inserted into the brass shell of the 
apparatus, and the parts tightly connected. A meter reading is taken after the 
instrument is connected tothe sample pipe and the gas is turned on. The dust 
contained in the gas sample is deposited in the Soxhlet shell, while the moisture 
is driven over into the aluminum tubes containing anhydrous calcium chlorid, 
and connected in series. They are capped and weighed before the experiment 
and their increase in weight represents the moisture in the volume of gas passed 
through the apparatus, while the increase in weight of the shell after drying gives 
the amount of dust carried in the gas sample. For dust determinations from 
30 to over 200 cu.ft. of gas are passed, depending on conditions of pressure 
and locality, while for moisture determinations only from one to five cu. ft. 
are used. Usually one or several moisture tests may be made while one dust 
test is being run, simply turning off the gas for a moment when the aluminum 
tubes are inserted and again when they are withdrawn. Readings of the meter 
and of the gas conditions such as temperature and pressure must of course be 
made at the beginning and end of each test. Al! results of dust and moisture 
tests are calculated to grains per cu. ft. of standard gas. 

122 The application -of two Brady filters permits continuous determination, 
a feature of great importance in gas power plants since it permits uninterrupted 
surveillance of the gas cleaning plant and of its efficiency. Continuous dust 

leterminations are being made every day except Sunday, by sampling dry 
aned gas, clean gas and engine gas. A Brady filter is started at each place 

ut 8.30 a.m., and the gas is allowed to pass until 4.30 p.m., when the Soxhlet 
sll is removed and a new one inserted, which is in continuous use from 5.00 

n. until 8.00 a.m. the following morning. The average size of sample for 

y and night runs respectively, is from 60 to 90 cu.ft. of dry cleaned gas, 

80 to 160 cu.ft. of clean gas, and 120 to 200 cu.ft. of engine gas. It is evident 
at such large accumulative samples must very nearly represent a true aver- 
age of the amount of dust contained in the gas. Occasional dust and moisture 
terminations usually practiced in the majority of plants are of compara- 
rely little value, as they do not give the true average conditions of the gas. 
mparisons of results obtained at different gas-cleaning plants cannot and 
ould not be made and credited, unless all instruments, methods, size of sam- 
2s, duration of tests, etc., are identically the same. Standardization of the 
thod of determining dust and moisture in industrial gases would benefit 
é gas engine industry at large, and the method used at this plant, which has 
en thoroughly and continuously tried under all conditions, is worthy of con- 
leration as a basis for standardization 
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TABLE 12 GAS AND WATER TEMPERATURES 


MonTHLY AVERAGES 


March April Jan.- 
June 

Temperature of gas to wet scrubber 
No. 1, deg. fahr 161.00 149.60 
Temperature of gas to Theisen 


49.60 54.70 


44.10 §2.30 


44.20 53.30 


62.50 ‘ 68.90 
Waste, wet scrubber No. 2, deg. 


46.80 53.80 
37.10 44.10 


Temperature of gas to wet scrub- 
ber No. 1, deg. fatr 

Temperature of gas to Theisen 
washers, deg. fahr 

Temperature of gas to gas holder, 


143.30 
67.40 
54.40 
66.70 
92.80 
67.70 


65 .60 


TABLE 13 EFFICIENCY OF SECONDARY WASHING PLANT 


MonTsaLY AVERAGES 


| 


Avg. 
1909 Jan. . Feb. March April May June Jan.- 
June 


in clean gas, grains per 


bs 


0.0766 0.1224 0.2238 0.2178 0.2146 0.2389 0.1825 — 
Flue dust in fine gas, grains per 


0.0036 0.0057 0.0044 0.0059 0.0067 0.0067 0.0055 


0.0730 0.1167 0.2194 0.2119 0.2079 0.2322 0.1770 
95.4 95.4 98.0 97.4 96.6 97.3 97.0 


450 
Temperature of water supply, deg. 
, Temperature of air, deg. fahr...... 27.90 31.00 
July Aug. Sept. Oct. Nov. Dec. July- Jan.- 
Dec. Dec. 
, ) 173.60 150.60 159.50 119.30 86.70 145.70 
7 
. ») 79.10 72.70 61.80 61.70 652.80 61.10 
deg. 79.10 80.90 72.30 61.00 61.10 42.00 56.60 
Tempe 
- Waste, wet scrubber No. 1, deg. 
Waste, wet scrubber No. 2, deg. 
Temperature of air,deg.fahr...... 83.40 85.20 74.60 60.80 58.80 31.20 54.9 
; 
' 


RESULTS IN DETAIL (¢ 


TABLE 10 


1908 


Difference: 
Loss by radiation, deg. 


TABLE 


1909 


dust in dry-cleaned ; gas, 
just In clean gas, grains per 


ist in dry cleaned gas, gr. 


st In clean gas, gr. per cu. 


July 


Gas cleaned, cu. ft. per min. 14,020 12,850 16,950 18,070 17,890 13,090 15,420 
Temperature of gas at main 

water seal, deg. fahr.. 426 410 303 312 299 329 346 
Temperature of gas to scrub- 

ber No. 1, deg. fahr..... 210 196 202 168 150 133 | 177 


ent removed by wet scrubbers $4.0 


APPENDIX NO. 4 
IF OPERATION OF GAS-CLEANING PLANT 


IEAT LOSS OF GAS BY RADIATION 
MonTALY AVERAGES 


Aug. Sept. Oct. Dec. Average 


216 214 10! 144 149 196 169 
Reduction in per cent... 50.7 52.2 33.3 46.1 49.8 59.5 18.8 


WET SCRUBBER EFFICIENCY 
MONTHLY AVERAGES 


Avg. 
Jan. Feb. March April May June Jan.- 

June 

0.4772 0.4787 1.2951 1.0335 0.2146 1.0804 0.9137 
0.0766 0.1224 0.2238 0.2178 1.1172 0.2389 0.1825 ' 
0.4006 0.3563 1.0713 0.8157 0.9026 0.8415 0.7312 
74.5 82.8 79.0 80.8 77.8 79.7 


Avg. Avg. 
July- Jan.- 


Dec. Dec. 
y 


July Aug. Sept. Oct. Nov. Dec. 


1.6124 4.0940 2.8704 2.4004 1.1188 2.1506 1.5330 


0.1316 0.3669 0.8257 0.9882 0.2539 0.1786 0.4541 0.3183 


0.6674 


1.2455 3.2683 1.8912 2.1465 0.9402 1.6965 1.2147. 


79.9 65.7 89.6 84.2 78.8 79.3 ; 
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TABLE 13—Conrtinvep. 


| Avg 
July | Aug. Sept. Oct. Nov. Dee. July- Jan.- 
Dec. Dec 


0.1316 | 0.3669 0.8257 0.9882 0.2539 0.1786 0.4541 0.3183 


Flue dust in fine gas, grains per 


0.0057 0.0058 0.0080 0.0074 0.0069 0.0093 0.0061 0.0058 


0.1259 0.3611 0.8177 0.9808 0.2470 0.1693 0.4480 0.3125 
9.6 98.5 99.0 991 97.5 950 987 981 


TABLE 14 DETERMINATION OF FLUE DUST AT DIFFERENT POINTS OF 
SECONDARY CLEANING PLANT 


Gratns PER Cusic Foor 


Before After 
After wet Theisen Theisen After gas 
scrubbers holder 
washers washers 


March 22.... 0.1681 0.0051 
March 22 0.1647 : j 0.0042 
March 23 0.1773 * : 0.0094 
March 23. 0.1185 0.0065 
March 24 y 0.0058 
March 24 Ai 0.0064 
March 25 y 0.0061 
March 25 0.0057 
March 26..... 0.0029 


0.00545 


Average amount removed 
By clean gas main 0.0253 grains per cu. ft. 
By fine gas main and gas holder ..................e00005 0.00035 grains per cu. ft. 

Average absolute efficiency of 
Clean gas main 16.56 per cent — 
Theisen washers 95.45 per cent 7 

The average total efficiency of the secondary cleaning plant was 96.43 per cent, in which the 
three above factors participated as follows: 

Clean gas main 16.56 per cent 
‘Theisen washers 79.64 per cent 


Percent removed by refining..... 
3 > 
‘ 
- 
| 


W. 78 29.21 74.13 0.0052 Part Cloudy 70 4629.31 0.0043 
W. 76 29.19 95.57 0.0032 PartCloudy 71 29.26 57.59 0.0037 
S.W. 80 29.27 124.51 0.0013 Wind blowing 73 29.28 102.84 0.0052 

hard 
7-15-09 Ww. 84 29.28 126.41 0.0048 Part cloudy 76 «629.28 329.11 0.0036 
7-16-09 N.W. 80 29.34 88.69 0.0004 Wind hard 86 29.40 95.46 0.0005 
7-17-09 N.W. 84 29.39 145.82 0.0004 


TABLE 16 


Tron 


Mang 


Magr 


ANALYSES OF DUST 


Sample February 1909 
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DEPOSIT ON GAS A 


TABLE 15 DUST IN COMBUSTION AIR 


DAY TURN NIGHT TURN 
Tremp. 

Winp OF _ GRAMS WEATHER Bano- NO. CU. Gaaivs 
BARO- FT.8AM weren PT.sam- 

METER PLE PER CU. 3 < : PER CU. 
— FT. PLE FT. 
FAHR 


LE 17 


ENGINE NO. 1 

Gas Damper 

1 2 3 
19.60% 22.50% 32.40% 
12.07 20.19 6.50 
poe. 6.95 6.37 11.12 
2.52 2.62 1.04 
32.74 23.00 5.84 
ee 3.43 3.38 0.92 
17.89 17.38 37.84 


ANALYSES OF FLUE DUST REMOVED FROM BLAST FURNACE GAS AT 


DIFFERENT STAGES OF GAS CLEANING 


March 1908 S102 


main water seal (deposit) 10.30 
1 collecting main after dry 

aning plant (deposit).......... 11.44 
1No.1, wet scrubber (sediment) 14.58 
1 No.2, wetscrubber(sediment) 18.26 


1 Theisen washers (sediment) 22.93 


AloOs 


Fe CaO MgO Fix C. Sul. 


48.85 2.46 0.30 15.52 . 0.067 
42.86 
43.09 
38.20 


26 .06 


10.28 0.202 0.079 
9.17 0.288 0.095 
8.54 0.192 0.097 
11.47 0.314 0.119 


ND AIR DAMPERS OF GAS 


Damper 


Phos. Mang. 


Vol. 


— 53 
Date 5 
‘ 
4 
1.30 
a 
53 
80 7.28 
4.17 
47 5.08 
| 7.60 | 1. 08 6.73 
| 
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TABLE 18 ANALYSES OF FLUE DUST REMAINING IN BLAST FURNACE GAS AT 
DIFFERENT STAGES OF GAS CLEANING 


Marcu 1910 


7 


Location of Brady filters SiO: | AlOs FeOs CaO MgO Mn. Vol. 


At main water seal 12.19%, 6.93% 52.30% 4.70% 0.97% 1.16% 22.32% 
Gas entering wet scrubber No. 1 11.37 §.21 | 52.55 | 3.76 0.86 0.83 25.18 
In clean gas main 21.14 11.53 | 28.35 9.56 1.94 2.46 24.31 


TESTS ON WET SCRUBBERS 


123 Tests were made on October 27, 1908, to determine the cooling and 
condensing effect of the wet serubbers. The temperatures of the water and gas 
entering and leaving the washers were taken with accurate thermometers. 


TABLE 19 WET-SCRUBBER TEST 


TEMPERATURES QUANTITIFS 


WaTER 


ScrRUBBERS ScruBBERS GAL. PER MIN. 
cU. FF. 
PER MIN 
Inver Outi er Inter 


No. 1 No.2 
and 2 NO. 1 NO. 2 TOTAI 


63.0 17,000 
62.8 A 17,150 
63.0 f 17,150 
62.8 3. 17,150 


1378 


63.64 85.7 


454 
pee 
‘ “> 
; 
4 
f 
a | Gas | Gas Warten 
10.50 
11.00 1375 
11.30 1375 
~ | 
Average... . 62.9 77.74 63.34 71.9 155.8 62.8 60.0 17,160 816 || 
2.55 63.6 85.5 63.0 77.0 1800 64.8 62.0 23,100 ....... 1225 
’ 7 3.05 63.8 85.5 63.0 76.5 177.0 | 64.8 62.0 23400 ....... 1275 
3.15 63.8 85.5 8676.0 | 4.8 61.5 2,100 ....... 1225 
3.25 63.5 85.0 63.0 76.5 173.0 64.3 61.5 23,250 ....... 1200 
= a 3.35 63.5 87.0 63.2 77.0 176.0 64.3 61.5 23,100 ...... 1260 
“oe Average.... 63.04 76.6 176.6 64.5 61.7 23,190 752 503 1255 
@ 
4 
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The total amount of water from both washers was measured by the weir, and the 
amounts passing through each washer were calculated from the final temper- 
atures. The gas was measured by venturi meter. The temperature of the 
atmosphere was 45 deg. fahr. Two tests of 40 minutes each were made on the 
same day. The readings and averages are given in the table. 

124. The total heat absorbed in the first scrubber during the first test was 
100,912 B.t.u. per min., of which 31,205 B.t.u. is accounted for in the loss of 
sensible heat in the gas. On the second test the total heat absorbed was 137,874 
B.t.u.per min., of which 50,848 B.t.u. is accounted for by the loss of sensible 
heat. From the following calculations the amount of vapor condensed per cu. 
ft. of gas at64 deg. was found to be 27.4 grains in the first, and 25.2 grains in 
the second test, or an average of 26.3 grains. 

First Test: 

Washer 1, temperature of entering gas, 155.8 deg., leaving gas, 62.8 deg. 

Density of gas = 0.0815 

Specific heat = 0.24 

Cu ft. of gas per min. = 17.160 

Sensible heat lost by gas: 

17,160 X 0.0815 & 0.24 X (155.8 — 62.8) = 31,205 B.t.u. per min. 

Heat absorbed by water: ie 

816 & 8} & (77.74 — 62.90) = 100,912 B.t.u. per min. 

100,912 B.t.u. — 31,205 B.t.u. = 69,707 B.t.u. 7 

Average latent heat of vapor from 155.8 deg. to 62.8 = 1037 B.t-u. 
69,707 

17,160 X 1037 
gas at 64 deg. 


= 0.00392 lb. or 27.4 grains of vapor condensed per cu. [t. 0 


Second Test: 

Sensible heat lost by gas: 

3,190 K 0.0815 K 0.24 & 112.1 = 50,848 B.t.u. 

leat absorbed by water: 

2 X 83 X 22.06 = 137,874 B.t.u. 

73,874 B.t.u. — 50,848 B.t.u. = 87,026 B.t.u. 

i\verage latent heat from 176.6 to 64.5 deg. = 1029 B.t.u. 
ae = 0.003605 Ib. or 25.2 grains vapor conden ~y ver cu. ft 

gas at 64 deg. 

) Since the average temperature of the gas leaving the first scrubber was ; 


it 64 deg., the amount of moisture remaining in the gas was about 6.6 grains; 

his added to 26.3 grains condensed gives 32.9 total grains of moisture per cu. 
t.in dry cleaned gas. This represents a dewpoint of about 117 deg. or about 
er cent saturation at the average initial temperature of 166 deg. Later © 
with wet and dry bulb thermometers in the gas mains showed dewpoints 

ng from 104 deg. to 114 deg. for an average gas temperature of 170 deg. 
results of these tests indicate the reducing effect which the washing of © 
gas has onthe moisture. While by these calculations the amount of mois- 


moisture determinations with Brady filters made on July 14, 15 and 16, 


gave very similar results. [t will be noted that the test — ie 


tide with the calculated values. 
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TABLE 20 MOISTURE TEST IN DRY-CLEANED GAS 


J July 14 Gas analysis 


Date CHa B.tou 
« 


Grains of moisture per cu. ft 
‘Temperature at meter, deg. fahr. 
= Barometer, inches of mercury 
Temperature in gas main, deg. fahr 
Pressure in gas main, inches of water 


July 15 Gas analysis 


Grains of moisture per cu. ft.... 
Temperature at meter, deg fahr 
Barometer, inches of mercury 

- Temperature in gas main, deg. fahr 
—— in gas main, inches of water 


July 16 Gas analysis 


= Grains of moisture per cu. ft 


Temperature at meter, deg. fahr 
Barometer, inches of mercury 
Temperature in gas main, deg. fahr.. 
_ Pressure tn gas main, inches of water 


Y Average moisture, gr. per cu. ft 


: 
CO 
CO: 
4.8 25.5 3.0 0.1 91.8 1.72 
95 
13.1 261 35 O2 96.1 1.99 
‘ 
ree? 
>. 


APPENDIX NO. 5 


METHOD USED FOR 


MEASURING AND RECORDING 
SUMPTION 


GAS CON- 


126 The following description of the method used for measuring and record- 
ing the gas consumption was contributed by C. J. Bacon, Mem. Am. Soc. M. P. 

127 The amount of gas consumed by the blowing engines at the blast furnaces 
and the power engines in the electric station, is measured by venturi meters, 
one in the 54-in. main to the blowing engines and another in the 60-in. main to 
the power engines. The 60-in. meter was installed first and tested by volumet- 
ric measurements as hereinafter described. The 54-in. meter was subsequently 
constructed with the same proportions, and as the only difference is in the size 
no tests have been thought necessary. These meters are of much the usual 
form, except that certain liberties were taken in the design to simplify the shop 
work; the throat section of each being a straight cylinder connected to the 
small ends of the upstream and downstream cones without rounding at the in- 
tersections; and there was asimilar omission of curvature at the connection be- 
tween the approach section of 5-ft. pipe and the large end of the upstream cone. 
Although it was realized that these departures from theoretically perfect de- 
sign were likely to introduce more or less error due to eddy currents, neverthe- 
less in view of the facility with which the accuracy could be determined by 
means of the gas holder, the somewhat irregular construction was allowed to 
stand. The absence of test data on meters of this size made tests advisable 
regardless of how nearly perfect the shape and construction might be. 

128 By referring to Fig. 23b of the paper, it will be seen that the 60-in. meter 
has an over-all length of 53 ft. 1 in., and consists of an upstream cone 11 ft. 6 
in. long and having openings 60 in. and 20 in. in diameter, a straight cylin- a 
drical throat section of cast iron 20 in. in diameter by 15 in. long, and a down- 


stream cone 39 ft. long, likewise with openings 60 in. and 20 in. in diameter. 
The upstream cones are made of plate, with butt-joints and countersunk 
rivets inside to reduce friction. A cylindrical casting 16 in. long by 60 in. in 
diameter and containing an annular pressure chamber, is inserted between the 


straight-approach pipe and the upstream cone. A similar pressure chamber ' 
surrounds the throat. Twelve 3/16-in. holes communicate to each of the - 


chambers the pressures existing within the meter at those points. The char- 
acteristic equation for flow of gas in venturi tubes! was used in the calibration 
ofthis meter. 

129 A number of carefully conducted tests have been made at various times to 
determine the meter coefficient, utilizing the 100,000 cu. ft. gas holder as a 
eans of volumetric measurement. This holder is located about 260 ft. from 


See Ths Flow of Fluids in a Venturi Tube, by E. P. Coleman, Transactions, vol. 28, 1907, 
0.483, for the derivation of this equation, 
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the meter, and is provided with a combination of water-sealed valves such tliat 
the flow of gas to and from the holder may be controlled at will. The horizontal 
area of the holder was accurately determined by measurement of diameters, 
and a vertical scale of feet and tenths was marked on the outside to permit of 
determination of the rate of rise of the holder. Observations were taken of 
A gas pressure in the upstream chamber 
B difference in pressure between upstream and throat chambers _ 

temperature of gas at meter and holder 

analysis of gas including water vapor contents 

barometric pressure 

gas pressure at inlet to holder 
From these data and the dimensions of the meter, values may be assigned in 
the above-mentioned equation of flow. It is worthy of especial note that the 
ratio of specific heats for the mixture of gas and aqueous vapor is in this case 
1.38, the use of it in the formuluc, however, does not result in an appreciably 
lesser flow than the use of 1.408, the commonly accepted value for air. Without 
burdening this paper with the actual data and computations, the net average 
results of 17 separate holder tests at various rates of flow show a meter coeffi- 
cient of 0.91, which is taken to mean that the actual flow is 91 per cent of the 
theoretical flow. 

130 This determination of meter coefficient was made more as a matter of 
scientific interest than as a necessity, since working curves showing the relation 
between the difference in upstream and throat pressure and volume of gas at 
prevailing temperatures and pressures, could have been constructed from test 
data alone. The meter coefficient, however, being available, it was made use 
of in connection with the theoretical formula in preparing the curves in Fig. 
35 of the paper, from which the volume of gas, reduced to standard conditions 
of 62 deg. fahr. and 29.92 in. barometer, may be determined for prevailing 
temperatures and meter readings. For these curves the absolute pressure of 
gas in the main is taken as 29.5in. mercury, which is the sum of the average 
uvstream pressure and the average barometer at this locality. 

131 Daily records of flow of gas are obtained by means of a Bristol differential 
pressure recorder, located in the Theisen washer building about 250 ft. away 
from the meter and connected to upstream and throat chambers by two lines of 
pipe. Comparison of readings at the meter with the recorder shows no error 
due to the long connecting pipes. The curves of Fig. 35 are used in conjunction 
with these daily meter charts to obtain the average rate of flow for each day, 
which with the calorific value, the kilowatt output of the generators and the 
generator efficiency, gives the data required for computing the daily average 
thermal efficiency at the engine shaft. The chart shown in Fig. 36 represents 4 
flow of 22.044 cu. ft. per min. Other observations and computations for that 
day were as follows: 


B.t.u. per cu. ft. at 62 deg. fahr..... 

kw. 

B.t.u. per kw-hr. 

B.t.u. h.p-hr. ‘at 96 gener: efficiency 
Thermal efficiency at shaft 


The monthly averages of these daily di uta and the results “ the year 190! 
are shown in Fig. 38. 
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HEINRICH J. FREYN 
$2 Questions are often raised regarding the amount of dust deposited in 
meters for blast furnace gas. ‘The 60-in. meter has been examined at six- 
month intervals. The first inspection showed aslight accumulation of moist 
dust at and near the throat, but not in sufficient quantity to affect the results — 
appreciably; at the second examination no dirt was found; at the third a con- 
siderable coating of dirt was found and was cleaned out, unfortunately without 
accurate measurement of the average thickness. As a means of determining 
the effect of the reducing diameter on the flow of gas, a comparison was made of 
the average thermal efficiency for a week preceding and a week following the 
cleaning as follows: 

Week preceding cleaning 16.9 per cent 
Week following cleaning..... .....-. 19.0 per cent 
Reduction of flow. ...1l per cent 
As far as known no change occurred at the engines to affect the efficiency; 
consequently, since the flow through the meter varies directly as the area, the 


16.9 
reduced diameter due to dust was :) X 20 in. = 18.8 in. ‘Therefore the 


average thickness of the coating was approximately 0.6 in. 

133 The cause of this unusual deposit is ascribed to one of the furnaces mak- 
ing special irons, ferrosilicon and spiegel, during the latter part of August and 
the entire months of September and October 1909, or about 68 days during which 
the amount of dust found in the raw gas was excessive, as explained in Par.73 
of the paper. On this basis it is assumed that the deposit began late in August | 
and continued at a uniform rate through October, when the error amounted to 
imaxiinum of 11%. Suitable corrections were made on the monthly averages 
shown in the tables and charts. To prevent a repetition of the accumulations 
of dust in the venturi meter a system of spray nozzles (shown in Fig. 23b) was 
installed, for throat thoroughly with high-pressure water. 
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SUMMARY OF OPERATING RESULTS DURING THE FIRST | 
FOUR MONTHS OF 1910 


134 In January 1910, the first gas blowing engine was started very success- 
fully, and since that time two more have been put in operation, furnishing 
blast to three furnaces. One of these engines is blowing blast furnace No. 4 

= ithout the aid of steam blowing engines, delivering 40,000 cu. ft. of air per min. 

135 The change inthe arrangement of the preliminary gas cleaning plant 

mentioned in the paper was put into effect in January and the results obtained 

an _by operating four wet scrubbers in parallel are very satisfactory. 

136 The addition of gas blowing-engines and the larger output of the gas-elec- 

tric station has very materially increased the quantity of power gas consumed, 
80 that at present about 27,500 cu. ft. of gas are being purified each minute with 
four gas-eiectric and three gas blowing-engines in operation. The average 
quantity of gas cleaned per minute for the first four months of 1910 was 20,845 
cu. ft. or about 25% more than the average for the year 1909 and 46% more than 
the corresponding average from January to April 1909. 
137 Inasmuch as five blast furnaces have been in operation since the begin- 
ning of the year, and since gas blowing-engines are supplying a large percentage 
of the blast to these furnaces, the gas supply has always been more than sufli- 
cient, the surplus gas being utilized at present to fire the boilers at the adjacent 
plate mill, which heretofore had been fired with coal. 

138 The average output of the gas power plant for the first four months of 
1910 was 5663 kw., corresponding to a load factor of 70.8%. The average time 

_ of operation of the plant for this period was 557 hours per month or 77.5% of 
the total possible time. Repairs on the engines were responsible for 17.5%, 
while operation of the plant caused 5% of the shutdowns. In no instance was 

lack of gas responsible for time lost partie this period. The gas pressure of 

_ the raw blast furnace gas averaged 10.6 in. of water, while the average gas pres- 

_ sure after the secondary washers was 14.9 in. 

139 Under present conditions, with blast furnace No. | out of blast and the 
plate mill boiler house receiving gas, the bulk of the gas for the engines is being 
furnished by furnace No. 3. This was most strikingly proved a few weeks ago, 

- = when for certain operating reasons the watering of the stock on this furnace 
. was abandoned. The consequence was a tremendous increase in the amount 
; 7 of flue dust carried into the gas cleaning plant, which became so serious that the 
watering of the stock on this furnace had to be resumed. Since furnace oper- 
= ation during this period was remarkably smooth and uniform no difficulties 


or troubles were encountered in the operation of the gas engines from back- 


firing and premature explosions, nor did sudden changes in the quality of the 
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140 Theaverage composition of the blast furnace gas delivered to the engines 
for the first four months of 1910 was 14.8% CO:, 25% CO, 3.59% H and 0.22% 
CH,, with a computed heat value of 93.15 B.t.u. and a heat value of 92.9 B.t.u. 


per cu. ft. determined by calorimeter. The ratio oe was 1.69, materially 
2 

lower than for the corresponding period of 1909.when it was 2.1, indicating low 

coke consumption and a more rational operation of the furnaces. 

141 The avera7e temperature of the gas entering the gas cleaning plant was 
255 deg. and 84 deg. before the wet scrubbers. The reduction in temperature 
due to radiation through the unlined zigzag flue was therefore 67% in 1910 
against 66.6% for the corresponding period of 1909, the average air temperature 
being 40 deg. 

142 Since the velocity of the gas traveling through the pipes is materially 
greater on account of the larger quantity of gas purified, only small quantities 
of flue dust are being deposited in the dust legs of the zigzag flue and the gas 
delivered to the wet scrubbing plant is considerably dirtier than it was last 
year. The amount of flue dust in dry cleaned gas averaged 1.8061 grains percu. 
ft. with a minimum of 1.3979 grains in January and a maximum of 2.3361 grains 


inApril. The wet scrubbers, only two of which were operating in series up to 


May 1910, removed from the gas an average of 91.5% of the flue dust, delivering 
clean gas containing an average of 0.1488 grains per cu. ft. This high effi- 


ciency of the wet scrubbers is maintained with four scrubbers operating in — 


parallel. With over 27,000 cu. ft. of gas cleaned per minute, the four wet 
scrubbers have removed in May 1910, an average of 96.1% of the impurities 


received. The average temperature of the clean gas delivered to the Theisen : 


washers was 52 deg., the gas entering the gas holder at 50.55 deg. These tem- 
peratures were lower than the temperature of the water supply, 55.41 deg., since 
the average air temperature did not exceed 40 deg. for the first four months of 
the current year. The temperature of the waste water from the first wet 
scrubber was 86.85 deg. on account of the larger quantity of gas passing per 
minute, and the temperature of the waste water from the second scrubber, 
56.38 deg., was only a little higher than the temperature of the water supply, 


proving that the cooling effect took place almost exclusively in the first wet 


scrubber, 


143 The amount of moisture in the clean gas was 4.735 grains per cu. ft. and 
the fine gas carried 3.658 grains against 1.994 grains of moisturein the atmos- 
pheric air. The larger amount of moisture in 1910 is due to the reduced water 
consumption and to the larger quantity of gas purified per minute, which 
reduced the time during which the cooling and condensing effect of the water 
and the atmosphere acted on the gas. 

144 The efficiency of the secondary cleaning plant was over 96%, with a 
minimum of 95% and a maximum of 97% in January and April respectively. 
The amount of flue dust in the fine gas averaged 0.00632 grains per cu. ft., being 
9% higher than the average for the whole year of 1909, while the amount of 
gas cleaned per minute was 25% larger. It is to be noted that the overall effici- 
eney of the wet scrubbing and secondary cleaning plants for this period was 
99.6%, so that only 0.4% of the amount of dust originally contained in the dry 
tleane'| gas was carried over into the gas engines. 

14 The quantity of water used in the Theisen washers averaged 17.5 gal. 
per 1000 cu. ft. of gas cleaned or about two gallons less than the average for the 
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whole year of 1909. A marked economy in the amount of water used in the 
wet scrubbers was realized, only 63.1 gal. of water being supplied per LOOU cu. 
_ ft. of gas cleaned. The reduction in the total water consumption amounted 
; therefore to more than 20% compared with 1909, and a further reduction js 
being tried at present, since it was found that with four wet scrubbers operating 
in parallel the clean gas is relatively cleaner than it was with series washing 
in two wet scrubbers. 

146 Unfortunately the power consumption, and therefore the cost of cleaning 
per unit of gas will not be very much affected by such a reduction, since the 
wet scrubber pumps do not use more than about 10% of the total amount of 

- power consumed in the gas cleaning plant. 
147 The average power consumption for the first four months of 1910 was 
0.308% for the wet scrubber pumps, 3.011% for the Theisen washers, the total 
‘ being 3.319% of the combined output of all gas engines. 
148 The heat consumption of the gas-electric station with an average load 
_ of 91.45% on the engines while in operation was 16,873 B.t.u. per kw-hr. or, 
at 96.2% generator efficiency, 12,101 B.t.u. per b.h.p-hr., so that the average 
thermal efficiency at the shaft for the first four months was 21.1%. The averages 
for the individual months were 20.9%, 21.9%, 20.8% and 20.8% respectively. 

149 While it has not yet been possible to determine the thermal efficiency of 

the various types of gas blowing engines recently installed, Venturi meter 
measurements of the total quantity of gas delivered to the gas holder indicate 
that the heat consumption of the three engines operating at about 70% of their 

_ full load capacity averages about 12,000 B.t.u. per b.h.p-hr., these engines 
operating at about 70% of their full load capacity. The thermal efficiency of 
the plant is therefore about 21%. The result of the fuel economy of the gas- 
_ blowing engines is a very marked reduction in coal consumption of the plants 
which are directly or indirectly benefited by the installation of these engines. 
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A. E. Maccoun.! Mr. Freyn’s statement regarding the excess 
power from blast furnaces is, I think, a little excessive. Where 
blast furnace plants are connected with steel works, requiring all 
their excess power, or are in such locations that they can dispose 
of their surplus power at a profit, there should be no hesitancy in in- 

7 stalling gas engines for at least 85 per cent of the power required in 
blowing the furnaces and for generating electricity for use «t the 
works or for transmission. But in cases where blast furnaces are 
not so ideally located gas engine installations cannot be recom: nded 
in preference to steam on account of the higher cost of the !ormer. 
All conditions of this kind should be carefully studied, as in many 
cases gas-engine installations may be carried too far. 


' Superintendent of Furnaces, Carnegie Steel Company, Braddoc!., Ps. 


4 
| 


I fully agree with Mr. Freyn in not trusting to automatic arrange- 
ments for regulating the gas supply, as the gas pressure must 
necessarily be kept up in any gas system to insure safety. If the gas 
pressure falls below that of the atmosphere and air enters, there is 

always great danger of a very serious explosion. 
We have noticed practically the same condition Mr. Freyn refers 
to in regard to getting, at times, a supply of ferro-silicon gas, spiegel 


gas, or ferro-manganese gas at the gas engine in case a furnace 
on one of these products happens to have its gas entering the main 
in the vicinity of the gas-washer intake. At the Edgar Thomson plant 
there are eleven furnaces connected to one gas main, but the different 
gases seem to equalize themselves in the main according to their pres- : 
sures, and the quality of gas depends on where it is taken from the 
main. 


In all blast-furnace gas-engine plants there has been more or 
less experienc: with back-firing, especially when making special 
grades of iron, such as ferro-silicon, spiegel, ete. The inlet valves of | 
the engine should be designed so that where this occurs for long 
periods, endangering operations, the relative areas of the gas and air 
ports can be changed quickly by hand while the engine is in operation © 
between the limits of 1 unit of air to 4 of gas, and vice versa. 7 

The discrepancies in the heat values are accounted for by o_ 
fact that analyses are made about every three hours, while calori- 
meter readings are taken almost continuously. Some time ago we 
had occasion to make an average of 168 gas analyses during one of 
our tests on a furnace running on 1927 |b. of coke per ton of iron. 
The results were: CO, = 16.33 per cent, CO = 22.73 per cent, H = 2 
1.99 per cent, CH, = 0.04 per cent, N = 58.91 per cent. The calcu- 
lated heat value per cu. ft. of this gas at 62 deg. fahr. and 30 in. 
mercury was 80.55 B.t.u. From approximately the same number of 
Junkers calorimeter readings taken at the same time the result was 
75.84 B.t.u. per cu. ft. The gas from a blast furnace frequently con- 
tains over 24 grains of moisture per cu.ft. Whenthe analyses are made > 
itis customary to get the percentage of the different constituents by | 
volume, excepting the moisture it contains. When the gas is cooled — 
befor’ making the determinations, a large percentage of the moisture — 
iscon/ensed, and by not making allowance for this moisture the gas _ 
is figuced as of slightly higher thermal value than it actually is. The — 
therni:! readings from the calorimeter are usually considered more 
accurs.e than those figured from analyses. 

All f the gas-washing plants for gas engines that have been — 
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installed in this country have been very successful, so far as I know, 
although I think some of them were built on a more elaborate scale 
than necessary, merely to be sure that the gas would be thoroughly 
cleaned. In nearly all the gas-washing plants I am familiar with, the 
amount of dirt in the gas after washing was found to be less than that 
in the air. Extra precautions were naturally taken in designing ow 
first gas-washing plants on account of the large percentage of fine 
ores that usually compose our blast furnace burdens, but in every 
case the gas cleaning was found to be very thorough. 

Blast furnace gas, like any other gas, has a saturation point for 
moisture, depending oa its temperature. If it is cooled down low 
enough it can only contain a fixed amount of moisture, depending on 
its saturation point, except the moisture which is mechanically con- 
tained, and any such moisture is very easily removed with a few 
baffles in the gas flue. Elaborate dryers are not usually required. 

The thermal efficiencies for the gas-engine plant of approximately 
23 per cent are all that could be expected under the conditions. 
Higher values have been obtained in tests, but for continuous work 
the plant efficiencies obtained by Mr. Freyn are very creditable. 

Gas Engine Development. As Mr. Freyn states, the Lackawanna 
Steel Company was the first to attempt a large blast furnace gas 
engine installation in this country. They adopted the two-cycle 
Koerting engine, built in this country from German designs. The 
United States Steel Corporation decided in 1904 on an initial instal- 
lation of blast furnace gas engines at the Edgar Thomson furnaces of 
the Carnegie Steel Company, which was followed by other installa- 
tions. After a thorough investigation of the various types of engines 
used abroad the officials of this company decided that the fcur-cycle 
gas engine would be best adapted for their use, and that in designing 
such an engine the lines and construction of the modern heavy-duty 
American steam engine should be followed as nearly as possible, as 
this type of engine had proved universally successful. They also 
endeavored in the design of these gas engines to eliminate as many 


accessible for removal and replacement. All the firms starting to 


build blast furnace gas engines in this country at the time preferred 
the center-crank construction in place of the American side-crank 


strong enough and that these engines should be of this type. ‘The 
heavy American rolling-mill engine frame was also insisted upoi). The 
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Westinghouse Machine Company, in coéperation with the —— 
of the Carnegie Steel Company, designed our first engines along these 
lines. 

The Snow Steam Pump Works, the Allis-Chalmers Company, 
and others who were starting into the blast furnace gas-engine busi- 
ness also realized the importance of building along American lines 
and should be mentioned in connection with the development of a 
successful gas engine suitable for American blast furnace and steel _ 
works practice. I do not mean to detract in any way from what our 
friends abroad have done in developing the gas engine, as we are greatly 
indebted to them. It required a great deal of courage to go into this 
business on such a large scale, knowing that these engines would have 
to prove just as reliable prime movers as modern American stean, 
engines, which have been years in reaching their present state of per- 
fection. 

The Carnegie Steel Company had built a small tandem gas 
engine, 214-in. diameter cylinders and 30-in. stroke, as nearly along 
the designs of the larger units as possible. This engine and a 250 h.p. 
direct-current generator were temporarily installed for experimental 
purposes at the Edgar Thomson furnaces and were started December 
9, 1905. This unit was run continuously under all kinds of conditions 
and numerous tests were made on it. The information acquired from 
this experimental engine helped in perfecting the designs of the larger 
units. 

Different Systems of Governing. At that time it was a great 
question as to whether a gas engine should be governed by the con- 
stant-mixture system or by the constant-compression system. The 
constant-mixture system, brought to so much prominence by Mess 
in Germany, consists of governing the mixture of airand gas admitted 
to the cylinders so as to have an explosive mixture that will readily 
ignite at all loads, although on light loads the compression must 
necessarily be greatly reduced. 

The constant-compression system consists in admitting an excess 
of air into the cylinder with the amount of gas required for any 
particular load, so that on light loads nearly the same compression 
will take place as on heavy loads. Efforts were made to stratify this 
mix! ure in the vicinity of the igniters so that it would readily ignite 
on licht loads. To effect this stratification many complications were 
necessarily resorted to. 


A trial of the constant-compression system proved that when 


ther’ was no a the charge could not be depended upon to bi burn and 
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that at other loads the indicator cards showed a marked difference in 
area from one explosion to the next at exactly the same load. The _ 
full-load cards were the only ones to reach the proper shape. These 
conditions are characteristic of this type of governing and are due to 
imperfect combustion at loads under the full rated load of the 
engine. With the constant-mixture system, however, the cards 
were of proper shape at all loads, and of the same area for equal 


Scute 


No Load Card-Constunt Mixture Syster! 


Scale 80 


No Load Card-Constant Compression System 


Fia. 44 Comparison OF CoNsTANT-MIXTURE AND CONSTANT-COMPRESSION 
Carps TAKEN aT No Loap 


THE TWO LOWER CARDS SHOW THE UNCERTAINTY OF THE CHARGE BURNING AT NO LOAD WITH THE 
CONSTANT-COMPRESSION SYSTEM. IN ONE CASE THE AREA I8 NEGATIVE AND REPRESENTS (ONLY 
THE COMPRESSION LOSS DUB TO A POSSIBLE LEAK. WHILE THE OTHER HAS A POSITIVE AREA, THE 
COMBUSTION IS NOT WELL TIMED. THESE CARDS WERE SELECTED AT RANDOM FROM A LARGE 
NUMBER. 


loads. (Figs. 44, 46 and 47). Continuous indicator cards showed 
absence of misfiring at no load and with a compression not over 65 

From the small experimental engine which helped to dermon- 
strate these points, it was found that on light loads with cons'ant 
compression the charge would not ignite for periods, the enzine 


1Continuous cards were submitted with the discussion which hay. not 
been reproduced for publication.—Ebiror. 
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would slow down slightly, then take a large gulp of gas and air and 
fire for a short period and so on, so that it could not be depended 
upon when light or extremely variable loads were being carried. 

We therefore adopted the constant-mixture system and have 
obtained excellent results. It may not be quite as refined and econom- 
ical as the constant-compression system, but it is better suited for this 
class of work, particularly on variable loads, although under some 
conditions excellent results are no doubt obtained with the latter. 


Fic. 45 Inpicator CARD SHOWING PRE-IGNITION, RESULTING IN A PREs- 
SURE OF NEARLY 500 LB. PER SQ. IN. 


CARD SHOWN FULL SIZE; SCALE OF SPRING 160; MAXIMUM CYLINDER PRESSURE RECORDED. 


does not seem natural, especially with a four-cycle gas en- 
, to draw in a very lean mixture of air and gas, compress it to 
ual full-load pressure of 200 lb. into a comparatively smal] 
une, and then expect to have the mixture stratified in the 
ty of the igniters so that it can easily be exploded. 
Engine Operation. The installation of gas engines at the 
Thomson furnaces consisted of two Westinghouse twin-tandem 
»wing-engines, 38-in. diameter and 54-in. stroke, and one West- 
ise twin-tandem unit, 40-in. diameter and 54-in. stroke, for 
g a 1500-kw. generator. The first blowing engine was started 
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Fic. 46 Carps TAKEN ON THE| EXPERIMENTAL ENGINE OF THE CARNEGIE 
STEEL CoMPANY, WHEN OPERATING ON THE CONSTANT-MIXTURE SysTEM 


THESE ARE TO BE COMPARED WITR THE CONSTANT COMPRESSION CARDS SHOWN IN FIG. 47. In 
BOTH SERIES THE LOADS WERE MAINTAINED CONSTANT AT THE DIFFERENT PERIODS. IT WILL BE 
NOTED THAT THE AREAS OF THE CONSTANT-COMPRESSION CARDS VARY FROM ONE EXPLOSION TO 
ANOTHER AND THAT THOSE TAKEN AT FULL LOAD WERE THE FIRST TO REACH THE PLUPER 
SHAPE. THIS If DUE TO THE IMPERFECT COMBUSTION AT ALL LOADS UNDER THE FULL OR HATED 
LOAD, 4 CHARACTERISTIC OF THIS SYSTEM OF GOVERNING 


#8 
168 
% Load 


Cards at 


Cards at 


Cards at Full Loud 


CARDS FROM THE EXPERIMENTAL ENGINE TAKEN ON THE CON- 
STANT-COMPRESSION SysTEM 
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on December 7, 1906, and the others followed soon afterwards. Fron, 
the operation of these engines and from many others that have sinc« 
been installed, much valuable information was acquired and many 
improvements in design have followed. All the difficulties encountered 
since the starting of this plant have been met and overcome and in) 
1909, No. 1 blowing engine ran 8241 hours out of 8760, or 94 per cent 
of the time; No. 2 blowing engine ran 8186 hours out of 8760, or 93.5 
per cent of the time; and No. 1 electric engine ran 7075 hours out of 
8760, or 81 per cent of the time. I would consider these records very 
good even for the best type of steam engines. 

Lubrication. Great care should be exercised in selecting proper 
gas-engine cylinder oil and the oil used should be carefully tested. 
An oil showing the following analysis has been found to be very 
satisfactory: 


Specific viscosity (compared with water). 4.10 
Flash point, deg. fahr...... 
. Burning point, deg. fahr 
Deg. Baumé (sp. gr. 0.880).. 


An important test can be made by filtering oil through filter 
paper, to see if there is any carbon deposit in the oil. This is often 
due to the temperature of distillation being too high, or to the distil- 
lation being carried too far, or to the imperfect filtration of oils that 
have been heated too high. Such oils will frequently break up and 
deposit carbon, rendering the oil utterly unsuitable for gas engine 
use. It is unnecessary to say that a paraffin base oil should be used 
and never one with a tar base. 

Our method of oiling cylinders is to pump ‘the oil in when the 
crank is 50 deg. early of the forward center-line on thesuction stroke. 
There are two oil holes on each end of each cylinder, 30 deg. on cach 
side of the centre. With this arrangement the oil runs down the cyl- 
inder walls and is wiped over by the piston. 

Ignition Systems. Mechanical make-and-break and electrical 
make-and-break ignition systems are used and both work very satis- 
factorily, but as much care as possible should be taken to make an 
even distribution of the igniters around the cylinders. 

Indicator cards taken with one, two and three igniters working 
show plainly the better efficiency obtained with three igniters in 
operation. With blast furnace gas it takes time for an explosion to 
propagate. This is plainly shown by our being compelled to have the 
igniters fire from 30 to 35 deg. before the crank pin passes its center. 
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If the igniters are all on top of the cylinder, or all on the sides or bot- 
tom, most of the wear is on these points, due to the explosion pressure 


getting under the rings sooner and being greater at these points. 


Gas Engine Conditions. 


and ends of the cylinders 


m.e.p. in the cylinders. 


In Fig. 45 is an indicator 
sure is nearly 500 lb. per sq. in. and in some cases these pre-ignition 
With a 44-in. diameter piston it can be 
pressure continuously 


pressures might be higher. 
seen that while the explosive 
through the working parts of the engine is always large, an additional 
pressure of 1,000,000 lb. may suddenly be put on the crank pins hy 
This is why many difficulties such as cracked pistons, 
heads and cylinders, lubrication troubles, etc., 
tered, especially on the larger size gas engines. 
however, are all being overcome and high-class gas engines of large 
power have been the result. 

Gas Engine Cylinders, Pistons and Heads. The proper 
cooling of cylinders, pistons and heads is very important, especially 
Thecylinders should have ample waterjacket space 
between the main cylinder and the outer water jacket should be well 
fitted with hand holes so that mud deposits can be thoroughly 


pre-ignition. 


for large engines. 


cleaned out. 


Fig. 48 shows the design of a cast-steel gas-engine cylinder. 
has been the aiin to make this as 
ends next to the explosion were cast down so as to get the best mate- 
It has usually been the practice to 
make these cylinders of cast iron and with this construction large 
cylinders required! walls approximately 43 in. thick to resist the heavy 
The cylinder shown is of cast steel, 
with a 1-in. cast-iron bushing, arranged so as to be free to expand 
This bushing can also be easily removed and replaced. 

The cast-steel cylinder construction permits us to decrease the 
thickness of the cylinder walls without decreasing the strength through 


rial in that part of the cylinder. 


explosive pressures. 


lengthwise. 


the cylinder. 


card showing pre-ignition. 


simple a casting as possible. 


As is well known, the very high explo- 
sive pressure at the beginning of the piston stroke subjects the pistons 
and cylinder heads to severe pressure and 
temperature conditions, requiring them to be carefully water jacketed 
and designed to take care of expansion. 
even with these high explosive pressures, rarely averages over 65 |h. 


A blast furnace gas engine, 


By this means the water cooling can penetrate much 
closer to the hot cylinder walls, thus drawing the heat from tlhiese 
vital parts and preventing fatigue of the metal at each end of the cy!in- 
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der where the heavy explosions take place. This fatigue of the eylin- 
der metal is still more pronounced on gas engines operating on ll 
of the richer gases. 

There have been some difficulties due 'to the cracking of gas- 
engine pistons and cylinder heads, but usually these have been caused 
by omitting to make the proper provisions for the increased strains 
and temperature conditions which they are required to stand. In 
most cases the pistons and heads are now made from cast steel for 
the larger size gas engines, which permits lighter walls and much 
more effective water cooling. 

In all cases the weight of pistons and rods of gas engines should 
be carried on the crosshead and slippers. The pistons should have — 
at least ?g-in. clearance all around the bore of the cylinder, thus 
leaving only the friction of the piston rings on the cylinder. These 
rings should be fairly wide and deep and held in place by goud strong 
springs and keepers. 

Since our engines have been in operation there has been only one 
case where we have cut a cylinder, and this was due to a water leak. 


JosePpH Morgan. The Cambria Steel Company has made a small 
beginning with one gas engine to determine the best way of purifying 
the gas and also to determine a good type of blowing engine. There 
is always an experience account in operating plants, which commenced 
with us when we blew in our No. 7 blast furnace. On the design of 
an engineer of large experience, we had provided two down-comers for 
the furnace, each with a large dust-catcher. These dust-catchers 
were of the usual shape, about 22 ft. in diameter in the cylindrical 
part, with a cone top and bottom and a fairly large cubic capacity. 
The down-comer originally entered radially into the cylindrical part 
pointing downward, at about thesame angle as the bottom cone. The 
gas to boilers and stoves was taken off at the top of the upper cone, 
and we relied on the large capacity of the two dust-catchers to allow a 
settlement of the heavy dust to the bottom of the cone, but somewhat 
to our surprise we got very little dust from the dust discharge openings 
and very great quantities of dust in the stoves and boiler chambers. 
The cause was the action of the heavy volume of gas entering the 
charber which, being directed to the center and downward, kept the 
dirt stirred up from the bottom cone and allowed no settlement. At 
the {irst stoppage of the furnace we changed the entrance of the down- 
comers to a tangential connection in a nearly horizontal direction 
aa he upper part of the cylinder, with the am that the dust ange 
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was largely increased. We also added brick cross-walls on the bottom 
cone, so that the discharge opening was not closed,but which prevented 
a current of gas in the bottom cone fromstiriing up the dust. The dust 
that came down into the bottom cone wascaught in thislower chamber. 
This detail added to the efficiency of the dry dust-catcher. The 
resulting increase of efficiency was a valuable lesson on the effect of 
centrifugal force in separating dust, and the necessity of keeping the 
gas currents from stirring it up again. In recent improvements on 
several furnaces we have also added in series with and also following 
the first dust-catchers, a horizontal dust separator in which the prin- 
ciple of dry centrifugal separation is made use of. We have this 
apparatus at work on two furnaces, one of which supplies our gas 
engine. 

This horizontal separator contains a helical gas-passage through 
which the gas flows. Each turn of the helix has at its bottom a dust- 
trap so that the dust carried by the centrifugal force to the outside 
of the helix goes tangentially into the traps from which it is drawn 
when necessary. This helical separator traps about ten to fifteen 
tons daily in addition to that stopped by the large dust-catchers and 
takes out about 70% of the dust remaining in the gas after leaving 
the first dust-catcher. The indications are that five or six helical 
turns are sufficient. 

This completes the dry separation, which in our plant it is desir- 
able for reasons of cost to make as complete as possible without 
the use of water, as the dust runs freely from dust-pockets when dry 
and is therefore handled more cheaply. In our earlier experience we 
tried several types of wet separators near the furnace, but the great 
volume of wet dust added largely to the cost of handling. We believe 
the large quantity of very heavy dust should be taken out as far as 
possible by dry separation, and that water should be used after the 
gas has somewhat cooled by radiation. This lessens the quantity of 
water necessary for final cooling and is another economy. 

From this separator the gas is taken direct to the stoves and 
boilers, but for the experimental gas engine we have installed a pair 
of Schwartz revolving centrifuga! washers, somewhat similar to the 
Theisen, which are used in series. The water comes out from the 
first very muddy, while from the second it is very limpid, showing 
that the former takes out most of the dirt, and the latter perfects ‘lie 
operation. This is perbaps a temporary arrangement, as we baye 10 
static cleaners other than the dry dust-catchers or cleaners already 


described. 
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The engine under trial at our furnace is a double, horizontal, 
tandem gas-engine with four gas and two blast cylinders, built by 
the Southwark Foundry Company of Philadelphia. It is novel in 
several details, all of which have proved of value on trial, as adding 
to the speed of running and the ease of manipulation. The blowing - 
cylinders are fitted with gridiron slide valves of the well-known 
Southwark type for inlet and outlet of blast. All the valves for both 
air and gas cylinders are actuated by the straight-bar reciprocating 
cam of the Southwark type, which allows great facility for adjustment — 
of the cam not found in arrangements of those on rotary shafts. The 
engine can easily be run at 70 revolutions, a much greater — 


than is attainable with ordinary blast valves. This lessens the cost 
of engine installation or increases the quantity of available air eal 
a cylinder. 

In addition, there is a tripping device by which the blast net 
valves at one or more of the four ends of the blowing cylinders may 
be put out of action and left open, thus partly or wholly unloading 
the engine in starting up or when the furnace needs less blast or even 
none. This greatly facilitates the starting and maneuvering of the 
engine, as it need not be started under load or be stopped at casting 
times or to slacken blast. 

The other departure from former designs is in the gas-entrance 
and exhaust valves. The gas cut-off valves located on top of the ni 
ders are tripped by the action of magnets, the current for operating 
which is timed by the governor action. Theexhaust valves arelocated 
so that they are very conveniently accessible, being at the side of the 
cylinder and above the floor instead of under the floor, as in many 
gas engines heretofore built. This has been found good practice and 
there are no difficulties arising from this unusual location. Hereto- 
fore it has been supposed that particles of dirt would be more effi- 
ciently swept out of the gas cylinder if the exhaust opening were 
directly under the lowest part of the cylinder, in which case the 
exhaust valves are not easily accessible. 

The very full and complete paper of Mr. Freyn, with its volu- 
ininous report of working results, is an admirable and valuable addi-_ 
tion to the literature of |)last-furnace gas engines. 


I! G. Srorr. The problem of the cleaning of gas is similar i 
that of removing the moisture from steam. At the 59th Street Sta- 
tion of the Interborough Rapid Transit Company we first used an 
elaborate system of separators between the engine and the low-pres- 
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sure turbine. The separator contained a series of baffles, each of th 
which was supposed to take care of a certain amount of moisture. fo 
These baffles became loose and in order to keep the machine in opera- t 
tion we removed them. The result was an increase of 4 per cent in 
the efficiency of the separator. A new separator was designed so as to al 
cause asudden reduction in the velocity of the steam and we obtained 
a quality of 97 per cent. I believe the same principle applies to the el 
elimination of dust from gas and that the real separation is effected a 
by the sudden reduction of velocity. tl 
I found from tests on the combined unit of reciprocating engines h 


and steam motors that the thermal efficiency works out almost 
identical with Mr. Freyn’s results, a little over 21%, the load 
ranging from 7000 to 15,000 kw. Any steam motor has the important 
advantage over the gas engine that it gives a wide range of operation 
with an efficiency curve that is almost flat. The burning of gas under 
boilers is avery much more efficient operation than the burning of coal 
and quite remarkable results have been obtained with gas-fired boilers. 
It would be interesting to note the results of so using the blast fur- 
nace gas and supplying the steam to the combined engine and turbine 
unit. 

Epwarp A. Ursuinc. One of the most important parts of Mr. 
Freyn’s paper deals with the cleaning of gas, a phase in blast furnace 
construction and operation that has been most sadly neglected in the 
past and even to day is not fully appreciated except where the gas is 
to be utilized in the gas engine. But because of the dirt carried into 
the stoves by the gas their efficiency is greatly reduced, and to make 
up the deficiency in blast temperature a fourth and not infrequently 
a fifth stove has been added. 

The cost of the additional stoves would have been more profit- 
ably expended in efficient gas-cleaning apparatus, because better 
results could be obtained from three stoves supplied with clean gas 
than from four or even five stoves mucked up by dirty gas. There are 
few stoves in existence in this country to day whose heating surface, 
and consequently heating capacity, could not be quadrupled, if 
thoroughly cleaned gas was available. This also holds for the boilers 
connected with blast furnace plants; in most cases their output could 
be very much increased and their efficiency doubled if served with 
clean gas. 

It is worse than useless to line gas mains and a great deal of 
money could be saved, not only in refractory material, but also in 
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the metal parts of the main and their supports. There is no excuse 
for the gas coming off from the furnace at a temperature so high that — 
it will injure an unlined gas main. By applying water, preferably to 
the stock as it is charged into the furnace, the gas temperature can 
always be kept below 400 deg. 

I have been one of the advocates of the blast furnace gas 
engine for a great many years. Before anything had been done 
along this line [ calculated that there was 800 h.p. available above 
the needs of the plant for every ton of iron produced in 24 hours. 
Mr. Freyn has actually obtained about 600 h.p., showing that 
better results may yet be obtained. 


S. K. Varnes'. American practice in blast furnace gas cleaning 
has simmered down to the three-phase process. The gas is first passed 
through dry preliminary cleaners, then through stationary wet scrub- 
bers, and finally through rotary wet scrubbers. The gas is used for 
two purposes: it is burned in stoves and boilers or used directly in 
gas engines. Each of these uses requires gas of different characteris- 
tics. It has been found in German and American practice that gas 
containing from 0.15 to 0.20 grains per cu. ft. is sufficiently clean © 
for boilers and stoves and it has been reported that dirty stoves can . 
be cleaned by the use of such gas. For gas engines, however, one-tenth — 
of this amount is all that is permissible. 

In a number of cases it has been found that one centrifugal dust 
catcher removes 85 % of the dust which may be caught by the 
dry method and a second one is practically a waste of money. 

Most of the secondary cleaning in the United States is done by 
aseries of different types of washers, although at Steelton the second- 
ary stage has been reduced to a single piece of apparatus. It is 
the secondary or stationary wet-scrubber stage that I wish to mention 
especially. 

I believe the first blast furnace gas engine to be operated in 
America was that at Steelton, a Westinghouse vertical engine, using 
a coke-filled scrubber to clean the gas. The enormous quantity of 
dirt promptly filled the scrubber, and the difficulties with engine 
operation were similar to those experienced at Lackawanna, due to 
lack of cleaning. 

‘&The most recent development of the scrubber may be said to be 
the Z-:hocke washer, built originally in Germany and, with modifica- 


Ex, crimental Engineer, Pennsylvania Steel Co., Steelton, Pa. 
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BLAST FURNACE GAS POWER PLANT 
tions, much used in the United States. The primary washers described 
by Mr. Freyn are of this type. It is a type of scrubber in which an 
attempt is made to limit by the mechanical design the exact relation 
between the voids of the scrubber and the solid matter, consequently 
fixing the relation between the water contact surface and the area of 
the gas passages. 

It would seem, however, to be a waste of money to build a tower 
of a certain size and then partially fill it with solid materials, thereby 
increasing the velocity of the gas through the tower and decreasing 
the time allowed for cleaning. If it were possible to present the same 
water contact surface and accomplish the same mixture of gas and 
water, and still maintain the full area of the tower, or very nearly so, 
it would be an advantage. This result is obtained by the sprinkling 
type of tower in which the grids or hurdles are eliminated and the 
water is caused to descend through the tower in drops. Of prime 
importance in this type of tower, however, is the uniform distribution 
of water and the breaking up of the water into sufficiently small parti- 
cles. In case a particle of dust be brought into contact with a film 
of water, as in the Zschocke washer, if the dust particle is sufficiently 
small it may not be able to pierce the water film, due to the resistance 
of the surface tension of the water. Consequently, if the size of the 
drops of water be reduced to a point where they become much smaller 
than the size of the dust particles, the water particles will envelop 
the dust particles, weigh them down and carry them downward by 
entraining action, depending on the increased density of the dust 
particles with the film of water. The question of attaining this 
theoretical condition has been a difficult one. 

The Mullen washer and the Moyer washer, which is a modifica- 
tion of the Mullen washer, are known as impinging types of washers. 
The gas comes into the top of the chamber, passes down through tubes, 
impinges upon a water surface, and then goes off in a reverse direc- 
tion. The efficiency of such an apparatus as a gas cleaner, so far 

as dust is concerned, has been found to be very good, but the gas is 
not cooled in its passage through this scrubber, and frequently leaves 
at a temperature of about 300 deg. Gas at 300 deg. can contain 
_ about 260 grains of water per cu. ft., and gas at the ordinary atmos- 
_ pheric temperature can contain only five to seven grains per cu ft., 
- depending on the temperature. When this entrained moisture is ear- 
ried into the stoves and boilers, it must be evaporated except for ‘hat 
which has been condensed on the way over. The loss is very ma‘ rial, 
and I know of one plant using a changed form of the Mullen w=sher 
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that has abandoned its use in the origina! form because of the 
increase in the moisture content of the gas. If it were possible to 
cool the gas after the impinging action, it would be a very efficient 
type of scrubber. 

The plant of the Pennsylvania Steel Co. consists of a single type of 
apparatus for each of the three stages. For the first stage a centrifu- 
gal dust catcher is used; for the second, two similar sprinkling-type — 
wet scrubbers; for the third, two similar rotary wet scrubbers. The 
plan of the cleaning plant is shown in Fig. 49. The gas travels from 
A, the downcomer from No. 3 furnace, into B, the centrifugal dry 
dust catcher, out through gas mains C and D to inlet pipes 2 and @ 
of wet scrubbers Nos. 1 and 2 respectively. Leaving these scrub- 
bing towers the gas may be taken off at one side through H to the 
rotary scrubbers or through F and L to the gas main M supplying 
stoves and boilers. An alternative course is provided from F through 
wet scrubber No. 1, out at /, thence to G, and through scrubber | 
No. 2to H orto L. The wet scrubbing plant may be by-passed to get 
gas to the stoves and boilers. The valves V are all water sealed. It 
isseen that the wet scrubbers may be operated in parallel (as originally 
intended) or in series if found necessary. 

The scrubbing towers are each 25 ft. in diameter by 60 ft. high. 
The elevation is shown in Fig. 50. Gas enters through the brick- — 
lined flue A, impinges upon the water seal surface B, passes up through 
the tower C, meeting there the rain descending from the distributor 
above and leaves at D or at FE. The gas flues are brick lined as far 
as the towers, and the dry dust-catcher is brick lined except for some 
cast-iron wearing plates, in order that the gas may arrive at the tower 
as hot as possible. The hot gas immediately upon impinging upon the 
water seal gives up a portion of its heat in evaporating water which 
is quickly condensed by the rain from above. When this evaporated 
water is condensed from a gas to a liquid it necessarily passes through | 
astate when the water particles are smaller than the dust particles _ 
carried by the gas and will attach themselves to the dust particles — 
in condensing, thoroughly wetting them and weighing them down. 
In this condition they are readily washed out by the rain through 
whic!) they are compelled to pass in ascending the tower. The dis- 
tribu! or used in this tower for distributing water (Fig. 51) has been the 
subje t of a great deal of study and experimentation, and consists 
of asicel shaft A, extending through the top of the tower, with a bear- 
ing F on the outside, carrying at its lower end a wheel, the frame 
being of pipe work, and on the horizontal top surface C a screen of 
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about }-in. mesh wire. This screen is rotated, water is brought in 
at the top through the nozzles D, bent at an angle of 90 deg., so 
that the water strikes the screen tangentially, at an angle to a 
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radius, and opposite to the direction of rotation. This arrangement 
gives a practically uniform distribution. 


Some of the advantages of this distributor are that there is no 
resistance to the passage of the gas from the bottom of the tower to 
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of manholes to get at this single screen and clean it in case of obstruc- 
tion. The water nozzles are all connected to a manifold on top of the 
tower and are readily removable from the outside for cleaning in case 
of clogging. The water is carried to this manifold at about one 
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p und pressure, just enough to lift it to the top of the tower. When 
the gas leaves the tower it is hoped to have it sufficiently clean to go 
tothe stoves and boilers. It has been found in one scrubber tower that 
was built with a distributor, not of this type, but giving practically 
uniform distribution, that the gas was sufficiently clean for stoves and 
boilers in one operation, and ¥ we feel the at we will be able to do the 
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same thing. As there is no resistance to the passage of the gas 
through the scrubber, it should not be necessary to put in fans to force 
the gas to the stoves and boilers. 

The gas from H goes to the secondary washers. For this opera- 
tion I think there is no doubt that the Theisen washer will solve 
the problem very successfully. 


H. G. H. Tarr.! During a recent trip toGermany I visitedsome __ 
of the larger iron works and was interested in observing the differ- 
ences that exist in their method of preliminary gas cleaning. It is 
probable that this arises from the difference in ores and materials 
treated, as much as from the opinions of engineers as to the best 
methods. For final cleaning, however, the Theisen washer is quite 
extensively used. I was told in England, as well as in Germany, that 
gas was being delivered to the engines through these washers in a 
higher state of purity than existed in the air, and this seems to have 
been borne out by experiences in this country. There is a very great 
probability that the time is not far distant when the air will be washed, 
as well as the gas. 

This leads to the thought that this method may be adopted for 
cleaning the air entering churches, hospitals, theatres and wherever 
there are large assemblies of people. 


KpwarpD Ratusun. Probably the most serious thing we have to 
consider as engine builders regarding producer gas engines is the 
question of gas cleaning, or to be exact, the cylinder wear, and in 
conjunction with the valuable information contained in Mr. Freyn’s 
paper, [ would very much like to see some data regarding the relative 
wear of the engine cylinders as the various cleaning processes were 
developed. 


Jesse M. Samira. When I was building blast furnaces in central 
Ohio, prior to 1880, we were smelting native ore with raw bituminous 
coal containing a tremendous amount of dust, which not only stopped 
up the flues, but also the space below the boilers and in the ovens. 
To remove this difficulty we discharged the dust vertically downward 
from the blast furnaces into a cylindrical chamber 12 ft. in diameter 
and water-sealed at the bottom. This chamber was several times 
larger than the down-comer. The gas ladened with dust came down 
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against the water and the major part of the dust was caught, to |» 
removed through the water seal. This apparatus worked admiral!) 
and after its installation we were not troubled with dust in flues, 
under the boilers or in the stoves. 

I have found in this connection, as well as in the cyclone dusi 
catchers used in flour mills, where the centrifugal motion is used, 
that final separation of fine dust from air or gas must take place, 
as Mr. Stott has said, by sudden reduction of the velocity so that 
the gas has an opportunity to deposit its heavy portions on a surface 
that will catch and hold them. 


CHARLES WHITING Baker. ‘To obtain clean gas for engines, the 
use of a water spray results in great reduction of temperature. It is 
also possible that in modern practice where very fine ores are used, 
it may be necessary to employ water for cleaning the gas to be used 
under stoves and furnaces. The 300 to 400 deg. of heat lost in the 
cleaning process would be worth while saving if we could discover some 
means of dry cleaning the gas. It is entirely possible that by using 
the dynamic process or the type of cleaning used in flour mills the 
gas might be dry cleaned and delivered to the stoves and furnaces 
at its original temperature. 


E. P. Coteman. As stated in Appendix No. 5, contributed 
by Mr. Bacon, certain liberties were taken in the design of 
the 60-in. venturi meter, in that the junction between elements of 
the upstream cone and the cylindrical throat is angular, not being 
formed by means of an easy curve as is usual. By referring to Fig. 
23b, it will be further observed that the distance from this angular 
junction to the ,',-in. holes communicating with the angular pressure- 
chamber is relatively small. The coefficient of 0.91 for this meter as 
determined by means of the gasholder, is in all probability correct, 
but it is believed that, if the junction had been rounded, or the ,. - 
in. holes situated farther downstream from the angular junction, or 
both, that the coefficient would have been greater. In addition 
to the probable eddy loss noted by Mr. Bacon, it seems probable t/iat 
a contraction of the stream also occurs at a point in the stream op)o- 
site these holes. Each of these conditions, if existing, will lower the 
coefficient. By rounding the junction the eddy loss is reduced: and 
by locating the pressure holes at a section of the throat which is filled 
by the stream, the pressure difference should more closely approxi- 
mate the ideal. 
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Considering the extraordinary facilities provided by the 100,000- 
cu. ft. gas holder for determining accurately such coefficients, it seems — 
unfortunate that commercial reasons were allowed to affect the design. 
The writer believes that a venturi meter of 6 in. diameter or more, and 
of the best design and construction, will show a coefficient gre ater ees 
99% with usual gas velocities. 

A. Bement. While the successful outcome of the plant described 
by Mr. Freyn is cause for congratulation, it is probably correct to say 
that if the application of the gas engine in connection with blast fur- 
naces had been delayed much longer it might have found very strong 
competition in the gas-fired boiler supplying steam to turbines di- 
rect-connected to electric generators and to blast furnace blowing- 
engines. 

Relative to safety devices, the writer believes their use in all 
possible cases to be desirable, and is inclined to the belief that the 
feeling of opposition to them is based upon the assumption that they 
will be expected to take the place of manual supervision. Where 
safety devices have been successfully employed with delicate electrical 
apparatus. marked success has been secured. It was necessary, how- 
ever, that the apparatus be watched and kept in order. Its use is not 
to take the place of the watchfulness of the men, but as supplement- 
ing it. 

Contrary to expectation when the use of furnace gas in engines 
Was proposed in Europe, it has been found that the removal of dust 
from the gas is a matter of the greatest importance. This is especially 
true in this country because of the finer ore and harder driving of | 
furnaces. In this connection dry air bla-t promises to effect a marked | 

reduction in the amount of dust carried by the gas, as its use appears — 
to result in a very much more even working of furnaces and a very 
marked reduction in the number of slips. 

W.E. Snyper. This paper is without doubt the et dese ription 
and operating record of a blast furnace power plant that has ever 
been publ'shed, and great credit is certainly due the broad-minded | 
officials of the company operating this plant for their action in making — 
the data available. Great credit is also due to Mr. Freyn for the 
very complete records which he kept and for their very clear and 
thorough presentation. A discussion of this paper is possible only by — 
considering the subject of the paper as a topic upon which others — 
may add their experiences. I will discuss the paper in this way, giving 
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‘some notes relative to European operating experiences and compari- 
sons with American conditions. 
aly During the early part of 1908 I had the opportunity of investi- 
gating gas engine practice in almost all of the countries of Europe 
in which gas engines are used. During this investigation I visited 
29 different plants on the Continent, and saw in round numbers 
_ 365,000 horsepower in operation. I also visited eight different works 
where large gas engines are built. At all of these plants I had oppor- 
tunities for discussing their experiences with different engineers and 
operating men in charge. Although this was about two years ago, 
the development of gas engines and gas cleaning had at that time pro- 
- ceeded far enough to evolve certain standards of apparatus and 
methods of operation which have not changed materially since then 
The country which has made the most rapid strides in the de- 
velopment and use of large gas engines driven by blast furnace and 
coke oven gas is Germany. The first small gas engine to use blast 
furnace gas in Germany was put in operation in October 1895. In 


_ Works, estimated that there were then under construction or erec- 
_ tion or in operation in German steel works 349 large gas engines, 
aggregating about 385,000 horsepower, and in German collieries 35 
gas engines, aggregating 30,300 horsepower, a total of nearly 400 
large gas engines. By far the larger proportion of these were installed 
during the period from 1902 to 1906. Other countries made contem- 
poraneous progress, though not on such a large scale. 
The effect of this rapid development in an entirely new field 
was that the early experience of many of the gas engine stations was 
one of continued and varied troubles. These troubles, while exasper- 
Deine to the engineers in charge of operations and discouraging to the 
financial managers, constituted the experiences from which were 

evolved the very satisfactory European installations of the present 
day and the large installations in this country. European experience 
during this period of development, while very interesting, is of no 

importance compared with operating results from the more recent 
large gas engine installations, such as are given in Mr. Freyn’s paper. 

A feature of the use of large gas engines in Europe is the great 

confidence reposed in them by both builders and users. Gas engines 
‘ 

were put in to work under the greatest variety of conditions, not 
“alone for blowing blast furnaces and for electric driving, but for the 
= driving of mills, of which I saw several installations, including 


merchant and small bar mills, rod mills and sheet mills. One steel 
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plant was equipped with a large gas blowing engine for the conver- 
ters. At two works some of the gas engines were so constructed that 
they served for driving either blowing cylinders or electric generators 
as might be required. At other works a mixture of coke oven and 
blast furnace gas was used, or even producer gas and blast furnace 
gas. In fact, there seemed to be no hesitation whatever in depending 
on the gas engine to operate under as widely varied conditions as the 
steam engine, and this confidence in what could be done with the gas 
engine was usually justified by the results. Sometimes, of course, 
there was a great deal of trouble and expense involved, but the work 
went on without change in general plan. 

The type of engine which seems to be the general favorite in 
Kurope is the same type that has been adopted for almost all of the 
important installations in this country. This is the four-stroke cycle, 
either single or double tandem. There have been long and learned 
discussions among the technical men of Germany on the relative 
merits of the two-stroke cycle and the four-stroke cycle engines, but 
the type which has predominated was not determined by these 
academic discussions. It was determined by the engineers who were 
responsible for operation and results. 

Emphasis is everywhere laid on the necessity of good technical 
supervision over gas-engine power stations. As the prime requisite 
for good operating results, a good gas engine is specified; for the 
second requirement, efficient. technical supervision is provided, 
coupled with records of running conditions somewhat similar to 
those presented in Mr. Freyn’s paper, though not so complete. 

The primary necessity for a good engine seems self-evident, but 
it indicates the responsibility that is everywhere placed upon the 
engine builder. The greatest troubles which develop are due to fire- 
cracking of the cylinders and pistons. The design of those parts is 
now much better understood than at first, with the consequent pre- 
vention of most of these difficulties. A very common size of cylinder 
in the newer installations is 1100 mm. (43.3 in.) diameter and 
1300 mm. (51.3 in.) stroke. Each cylinder of this size at 95 
revolutions develops about 1000 horsepower, which requires a m.e.p. 
of 56 lb. Cylinders of this size and smaller were made complete 
of one casting without a bushing. Since the time of my visit, however, 
cyliiders have been designed and constructed to develop 1300 h.p. 
eaci), approximately 52 in. in diameter by 56 in. stroke. There 
have also been developed cylinders made of two or more castings 
fast. 1ed together by strong and tight joints. This is to avoid the 
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difficulties due to shrinkage stresses and to the stresses in the casting 
caused by the difference in temperature between the inner and oute: 
walls. Hard cast-iron bushings are also used, and some enginerr 
are considering steel cylinders, if indeed they have not already been 
constructed. 
These most recent developments in the construction of cylinders 
are very radical changes from what was the practice among leading 
builders but two years ago. Whether these changes are due in part 
to American experience or not it is not possible to say, but evidently 
the design of multicasting cylinders with bushings is due both in this 
country and in Kurope to a common cause, the effort to increase thie 
reliability of the cylinder, which result is certainly accomplished. 
_ The operation of gas-engine-driven generators in parallel at 
25 cycles was common, as was also their operation with steam- 
engine-driven units in pedal. The operation in parallel of two or 
more plants, gas or steam driven, but located at different. places, 
was also practiced. Many of the newer units installed do not have 
flywheels, the entire flywheel effect being produced by the rotating 
part of the generator. The yoke frame is usually used, i.e., the main 
frame is designed with a bearing on each side of the crank. The vari- 


were in various stages of improvement, the object everywhere being 
to simplify and at the same time to retain or improve the efficiency 
and reliability of operation. 


engineering This is true not alone ofthes gas engines, 
but also of the electrical apparatus, buildings and auxiliary equip- 
aa ment as well. Every detail seems to have been given attention, and 
_ where previous experience, or engineering foresight could serve as a 
guide, provision has been made for convenient and economical 
operation. One of the stipulations in contracts for gas engines now 
being installed is that after ali adjustments have been made and thie 
engine put into regular service it must run for four weeks continu- 
ously without stop or slow-down, and there is no difficulty whatever 
in fulfilling this condition. 
With regard to the cleaning of blast furnace gas, there was «l- 
most every conceivable combination of dry dust catchers, vertical | 
washers, and rotating washer devices, such as fans, Theisen machines, 
ete. Many works do not have Theisen machines in use for fine clean- 
ing the gas, but use two or three fans in series. However, I did ‘vot 
hear any unfavorable criticism of the Theisen apparatus from sny- , 
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of fine cleaning the gas that had then been devised. Considering | 
the gas cleaning proposition as a whole, from the furnace to the engine, 
[ did not see any installation superior to the best installations inthis | 
country, and I doubt if their equal exists in any of the European 
works. There is a reason for this in that the importance of cleaning 


gas thoroughly was fully realized in this country when gas engines 
were first considered, while in Europe it was at first thought that 
cleaning was not of much importance. The extended European 
experience with different systems and apparatus for cleaning gas for 
vas engines was available for the American steel works engineer 
when he first took this matter up, while there was no such experience 
available for the European engineer and all of the apparatus required 
had to be developed. There is a greater difference between the best 
gas cleaning plants in this country and in Europe than there is between 
the gas-engine power stations, or more particularly, the gas engines 
themselves. There is a strong probability that the reason for this 
is that here the steel works engineer, whether consciously or uncon-- 
sciously, made more use of gas cleaning experience in Europe than was | 
made of European gas-engine experience by the American designer. 


in these same installations. Most of these difficulties have now been 
overcome, but many of them could have been avoided if the American _ at 
designer had profited by the fund of European experience which was — 
available when he first began his work. : 


The following may be given as interesting items of compara- 
tive data with reference to gas cleaning: Dr. K. Reinhardt found that 
the water consumption of Theisen machines varied in different plants 
from 22 to 60 gal. per 1000 cu. ft. of gas cleaned. The plant 
described by Mr. Freyn used an average of 19.4 gal. per 1000 cu. ft. ° 
Dr. Reinhardt also determined the horsepower per 1000 cu. ft. of 
gascleaned by Theisen machines to vary from0.17 to 0.387. Caleula- 
tion from the data given by Mr. Freyn shows that the Theisen alone 
required 0.20 h.p. per 1000 cu. ft. of gas. German practice had come 
to regard 0.02 grams of dust per cu. m., equivalent to 0.009 grains 
per cu. ft., as a standard for cleanliness of the gas. This was a 
tompromise between what was thought possible for a gas cleaning 
plant and what was desirable for gas engines. The average dust 
contained in fine gas for the year as given by Mr. Freyn’s paper is 
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0.0058 grains per cu. ft. which is about 65 per cent of the approximate 
maximum fixed by German practice as standard. 

The velocity of the gas allowed in the different mains and pipes 
as given by an experienced engineer was as follows: In large gas 
mains from 15 to 20 ft. per sec.; in smaller pipes connecting the differ- 
ent parts of the gas cleaning apparatus, 33 ft. per sec.; in branch 
pipes going to engines, 66 ft. per sec.; in valves and gas passages of the 
engines, 130 ft. per sec. 

In some of the plants no charge was made to the power station 
for gas used. At many of the largest and most modern installations, 
however, a charge was made for the gas. This charge was deter- 
mined by measuring approximately the quantity of gas used per 
month and calculating from its average composition the heating 
value of the gas per cubic meter. This was then evaluated by com- 
paring with the heating value of standard coal used at the plant. In 
a few instances gas calorimeters were in use, but all instruments for 
measuring or testing gas were in process of rapid evolution and no 
method had general acceptance, either in the engineering or account- 
ing problems involved in valuing the gas and accounting for it. 

Venturi meters were not used in any plant for measuring gas. 
The usual method of determining the quautity of gas was to use 
an instrument based on the Pitot tube principle, the tube being 
located at a point in the cross-section of a straight run of pipe which 
has been determined by test to be approximately that of average gas 
velocity. The instrument was nearly always of the continuous 
recording type, with charts graduated to record gas velocity. 

For lubricating the gas engine cylinders, the largest and heaviest 
types of lubrication that I have ever seen were in use. These lubri- 
cators were of very massive construction, and were frequently placed 
on the floor beside the gas engine, looking not unlike small vertical 
engines. They were connected to a number of oil pipes, which sup- 
plied lubricant to the cylinders, exhaust valves and rod packing. ‘The 
cylinders were usually fitted with from four to six oil pipe connections, 
these being placed where, in the judgment of the designer, they would 
do the most good. It was not the practice to attempt to discharge 
oil in the cylinder at any particular point in the stroke. The method 
of driving the lubricator prevented this. 

There was great variation in the kind of oil used, but the con- 
census of opinion agreed that the cylinder oil should be of light body, 


containing a minimum of heavy carbonaceous matter. The oily 
test I could find being applied to oil for gas engines was that the siial- 
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ler the residue when the oil was vaporized the more suitable it is for 
gas engines, provided that it has the general characteristics of good 
lubricating oil. At some plants they were using oil of the same kind 
in the cylinders as was used in the bearings and pins of the engine. 

At many of the large installations great care is taken to provide 
for the safety of the men in charge of the gas engines and gas cleaning. 
Various kinds of safety apparatus are placed where they will be quickly 
available in case of accident, and the men are trained in the use of 
this apparatus. There are also rules in force which are intended to 
promote safety conditions. One of these provided that no less than 
two men shall work together, the presumption being that in this case 
there will always be one to raise the alarm in case a man is overcome 
by gas. Another rule provided for the proper ventilation of cellars 
and the prevention of gas pockets about the foundation or building. 
As a result of these precautions accidents due to the effects of gas are 
said to be very infrequent. 

During the past two or three years very rapid progress has 
been made in this country in the improvement of details, both in 
the design and construction of engines and in their operation. Some 
American engineers have done splendid work in designing large gas 
engines to meet American conditions. One of the most important 
improvements is the cylinder made of two or three different castings, 
fitted with a hard cast-iron bushing. The use of steel castings for 
cylinders is also an important development. It is not intended to 
imply that these features of cylinder construction are distinctively 
American practice, but American conditions and designers are no 
doubt largely responsible, since this form of construction developed very 
soon after the manufacture of large gas engines began in thiscountry. 

Another improvement in detail that is distinctively American 
is in the method of lubricating the cylinders. It is now very general 
practice here to have two oil pipes for each end of the cylinder, each 
) air being located at the top of the cylinder, one ashort distance on each 
side of the center line. The oil pump is connected in such a way that 
the oil is discharged at the beginning of each suction stroke where the 
piston covers the oil holes. The lubricators used for delivering the 
oil to the cylinders are much smaller and less cumbersome than those 
in use in foreign plants and seem to be just as satisfactory. A sys- 
tem of forced-feed lubrication for all bearings, pins, etc., has been 
developed and is now in successful operation. This is of special impor- 
tance in that it contributes towards higher piston speed, thereby 
rec.icing the first cost per unit of capacity and the floor space required. 
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The governing mechanism has also been improved to such 
degree that all the principal builders are ready to guarantee successful! 
parallel operation of 60-cycle alternating-current generators. This is 
also animprovement, but it came too late to influence the charac- 
teristics of the principal installations now in operation. At these 
plants the 25-cycle system was selected of necessity and must now 
be adhered to because it is too thoroughly established to permit of 
change. 

Still another important improvement in detail which is dis- 
tinctively American is the kind of cylinder used in large gas blowing 
engines. The blowing cylinders I saw on most of the gas engines of 
Europe, I consider the poorest part of the whole installation. A large 
proportion of these cylinders have the old type mushroom poppet 
valves for both inlet and discharge. While these may have been 
fairly well suited to the low blast pressures carried at most of the 
Kuropean plants, they are wholly unsuited to American conditions 
and to use them on gas engines here would be going back to the prac- 
tice of 15 or 20 years ago. In order to get the most efficient results 
from a gas blowing engine, mechanically operated valves are necessary. 
This fact has been fully appreciated by American designers and some 
splendid examples of cylinders fitted with this type of valve have been 
produced. The equal of these American blowing cylinders with 
mechanically controlled valves is not made anywhere in {he world 
and their use facilitates higher rotative speeds, which in turn reduces 
unit first cost and floor space. Speed control for blowing engines is 
a feature in which the best American engines equal the best used in 
Europe at present. 

Gas cleaning, the construction of gas engines, and their opera- 
tion are all now well understood in this country. The engineering 
problems involved are appreciated, even though they are not all 
solved. The commercial features involved are not of the most impor- 
tance because a gas engine installation will in this country, for years 
to come, be a very expensive installation per unit of capacity. ‘The 
price of fuel at all blast furnace plants in this country is low compare: 
with what it is in Europe. The manager, in considering gas engines, 
must face the American aspect of high plant cost and low fuel cost. 
In this connection any improvements, such as forced-feed lubrication 
mechanically controlled air valves, etc., which facilitate higher pis- 
ton speeds, are improvements which make the large gas engine 
more generally available for consideration in American plants. WJ/iat 


is required is to increase the earning capacity of any given unit or 
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installation. High load factor at nearly continuous operating con- 
ditions is one of the principal requirements for gas engine plants. [t 
will therefore be seen that while a collection of data as given in Mr. 
Kreyn’s paper is of great interest from an engineering standpoint, it 
is also of particular importance in its bearing on the commercial use 
of gas engines, i.e.,it is a record of the efficiency or output of each 
principal part of the power plant, so that it is always known whether 
or not the installation is maintaining the best operating efficiency 
consistent with the operation of the works which it serves. 


Tus Aurnor. As Mr. Maccoun states, all large gas engines |uilt 
in this country are of the side crank type, as this design was insisted 
upon by the steel works’ engineers, and it cannot be denied that the 
side crank design proved to be very satisfactory and has many advan- 
tages over the center crank construction, but it should not be over- 


looked that it makes American gas engines considerably heavier and 


more expensive than Kuropean engines, which are without exception 
built with center cranks. 

tegarding the question of governing gas engines, the governing 
by constant mixture is decidedly favored by American engine builders, 
and it appears that this system gives more satisfactory results in our 
practice than the so-called constant-compression-strat ification method 
of governing. 

I cannot agree with Mr. Maccoun that it is of such great impor- 
tance to use some particular brand of cylinder oil for lubricating gas- 
engine cylinders. At the plant under discussion very excellent 
results are being obtained by the use of standard gas engine oil, 
which has about the following characteristics: 

Viscosity Flash point Fire point Spec. Gravity 

Tagliabue — deg. fahr. deg. fahr. 

79.1 395 456 0.912 

‘This oil is considerably less expensive than the special heavy oils 
suggested by Mr. Maccoun, whereas the quantity consumed is not 
very much greater, so that the net result is a material economy in the 
cost of lubrication. Frequent cylinder examinations have proved that 
(be use of standard gas engine oil does not entail carbon deposits, 
since the oil is burned up completely, leaving no residue in the 
counterbore or under the piston rings. This, in my experience, 
cannot be said of the high-priced oils which, in order to obtain the 
hich flash and fire points, must necessarily contain heavy hydro-car- 


bons. 
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In regard to the amount of power obtainable from blast fur- 
nace gas, I think that the figure of 25 h.p. per ton of pig iron pro- 
duced in 24 hours is pretty generally admitted to be areliable basis for 
general calculations of the available power. It is true that this figure 
does not apply in every particular instance, and especially not in 
cases of plants having less than two or three blast furnaces. There are 
plants in existence, however, where practically no coal is burned 
under the boilers, and where all power requirements for the mills are 
being supplied by the excess gas from the blast furnaces. The Gary 
works of the Illinois Steel Company exemplify this statement. 

Mr. Maccoun is perfectly correct in maintaining that the gas 
engine is not the universal panacea for the needs of a blast furnace 
plant. In isolated plants, for instance, where a large proportion of the 
gas produced by the furnaces must go to waste simply because there 
is no field for its utilization, and where the gas is therefore of no value, 
the installation of costly gas engines may be uneconomical and unde- 
sirable. In other plants there may be old steam engines in operation 
which are running so satisfactorily, though not economically, that 
they may render good service for yeurs to come. In such cases it 
would be a waste of money to discard these engines and to replace 
them by gas engines, since the low-pressure steam turbine is avail- 
able to improve materially the thermal efficiency of such plants. 

In connection with the question which has aroused most of 
the discussion, namely the preliminary cleaning of blast furnace 
gas, it seems to be the unanimous opinion, brought out by Messrs. 
Morgan and Uehling, that it is obsolete practice to use raw blast 
furnace gas for any purposes about a blast furnace plant. It is gener- 
ally recognized today that the gas for hot blast stoves and boilers 
should be cleaned to prevent the deleterious effect of the flue dust 
on the checker brickwork in the hot blast stoves and on the boiler 
flues. Opinions, however, are divided as to the degree to which 
blast furnace gas for these purposes should be cleaned, as well as to 
how this cleaning should be performed. According to the informa- 
tion obtainable on the subject at present, it does not seem possil)le 
to clean blast furnace gas by a dry process alone to such a degree of 
cleanliness as is claimed to be desirable in some of the discussions. 

While it would seem consistent to assume that the benefit 
derived should increase proportionally with the degree of cleanliness 
of the gas, this is not so, since the ultimate economy is not only depvn- 
dent upon the increased life of the checker work in the stoves, the high 
heats obtainable and the reduced labor of cleaning stoves and bo:ler 
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flues, but also to a very great extent upon the cost of installation, 
operation and maintenance of a gas-washing plant. 

The discussion of this phase of the problem of gas cleaning 
bears out the general conviction that if blast furnace gas could be 
sufficiently cleaned by a dry process only, such a cleaning plant could 
be installed, operated and maintained at a much lower cost than if 
wet scrubbers, pumps, fans, ete., were necessary to accomplish the 
purpose in view. My opinion is that dry cleaning of the blast fur- 
nace gas can be most effectively accomplished in an apparatus ful- 
filling the following three conditions: 

i. ol a Reduction of temperature of the gas 

‘ b Sudden change of direction 
ce Sudden reduction of velocity 

As explained in the body of the paper, a reduction of temperature of 
the gas can be accomplished without expense by the use of unlined 
gas mains. Too much importance should not be attached to the 
advantage of preserving the sensible heat of the gas, and calcula- 
tions at the plant under discussion have shown that the loss due to 
reduction to atmospheric temperature does not exceed 89%. On the 
other hand any reduction in temperature of the gas is coincident with 
a corresponding reduction of moisture, a very important factor in the 
economical burning of the gas in stoves and under boilers. 

The design of any effective dry cleaner should make it impossible 
for the dust to be stirred up after it is once deposited and this implies 
provision for carrying off the separated flue dust in such a manner 
that it is protected as much as possible from the effect of slips and 
the tendency of the gas current to entrain the dust particles. Any 
dry cleaners based on the action of centrifugal force are necessarily 
much more effective than the old type dust catchers, wherein the 
separation of the dust occurred merely by the reduction of velocity 
in voluminous chambers. Granting the above requirements for an 
effective dry cleaner, the horizontal dust separator described by Mr. 
Morgan must prove to be a very efficient dry cleaner. 

At the plant under discussion a great deal of experimenting on 
a large scale was done in connection with this problem. As explained 
in the body of the paper, very voluminous dry dust catchers of the 
tanvential type were installed at all furnaces, but it was found that 
the efficiency was comparatively low. 

\ new development in the dry cleaning of gas is now being 
per! -cted at this plant, and it promises to solve the problem in a very 
sim) le, inexpensive and effective manner. This is the Brassert-Wit- 
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ting dry dust cleaner, for which letters patent are now pending. 
This dry cleaner combines in one apparatus the above named prin- 
ciples of successful dry cleaning, since it is unlined, makes use of ce1- 
trifugal force, positive friction, reversal of direction and sudden expan- 
sion of the gas while protecting channels take the dust out of the pat! 
of the gases. These dust catchers are inexpensive and the operatiny 
cost is practically nothing, as they discharge the dust directly iniv 
railroad cars. The advantage of this system, aside from the low cosi, 
is the fact that all the dust is recovered in a dry condition, doing awa) 
with the nuisance of sediment in sewers, river, ete. It has been shown 
in actual practice that one of these ten foot Brassert-Witting dr) 
cleaners will take out about twice as much dust as a large 40-{1. 
dry dust catcher of the system preceding it, and with three of thes: 
cleaners in series, it is possible to obtain a cleanliness of less than 
one-half grain of dust per cu. ft. 

With reference to S. K. Varnes’ contribution on the ques- 
tion of wet gas cleaning, it is unquestionably true that this object 
can be satisfactorily accomplished in wet scrubbers other than the 
one described in the paper. Whether, however, such wet cleaners are 
more effective and cheaper in operation is yet to be proved. The four 
wet scrubbers in the plant under discussion, now operating in paralle|, 
show an efficiency of over 90% for the last three months. The reduc- 
tion of gas pressure to which Mr. Varnes refers is of no consequence 
since it does not exceed one inch of water column. 

T cannot imagine a better distribution of water than that 
obtained in a tower filled with hurdles, since the water falling from 
hurdle to hurdle on its way from the top to the bottom of the wet 
scrubber is broken up again and again into a very fine mist so that 
practically every particle of gas must come into thorough contact 
with the water. I do not believe that the dust particles have to 
pierce a water film in order to be removed from the gas, but that the 
action which takes place in any type of scrubber consists in the wetting 
and weighing down of the dust particles by microscopical water drop 
in suspension. 

The influence which impurities in the gas have on the cylinder 
wear can practically be disregarded if the engine gas is thoroughly 
cleaned in a modern cleaning plant. Conditions have changed mater - 
ally in this respect in the last eight or ten years. Before adequaic 
gas cleaning plants were in use the amount of impurities carried into t!« 
engines was so great that the dust and the lubricating oil formed « 
grinding material which caused the cylinders to wear out in a distres-- 


piston ring design, lubrication, ete. 

Mr. Stott mentioned that he has obtained with a combination — 
of reciprocating steam engines and low-pressure steam turbines, « 
thermal efficiency of over 21%. It is evident that Mr. Stott is refer-— 
ring his thermal efficiency to the total amount of heat contained in the 
steam at the engine throttle and that he does not take into account the — 
losses occurring by steam transmission between boiler house and 
engines, nor the efficiency of the boilers themselves and the losses in 
the boiler house. Inasmuch as in a blast furnace plant the blast fur- 
nace gas is the available fuel, which in one case is used directly by 
combustion in the gas engine cylinders and in the other case indirectly — 
under boilers for raising steam, a fair comparison of the efficiencies 
of these prime movers can be made only on the basis of the amount of 
heat units contained in the gas delivered at the gas cleaning plant 
in the former and at the steam boiiers in the latter case. Assuming 
that the combined losses in boilers and by steam transmission to 
the engines amounts to 35%, so that the combined efficiency of boilers 
and steam pipe is 65%, the thermal efficiency of Mr. Stott’s installa-_ 
tion would not exceed 13.7% compared with about 21% realized with 
our gas engines. 

The latter figure, moreover, is not a value obtained by one or a 
series of individual tests, but is the average of the results obtained in 
actual commercial operation of the plant during the period of one 
year; nor is this figure in any way exceptional, as there are gas engine» 
plants in existence abroad where average thermal efficiencics of 25°% > 
and more are being realized. There is no reason why with mechani- 
cally perfect engines of modern design these figures should not be 
duplicated and even exceeded in this country. 

Mr. Coleman’s discussion was submitted to Mr. C. J. Bacon, 
who states that the matter of which Mr. Coleman speaks, namely, 
accounting for losses in the venturi meter, was not included in the 
paper as there was no definite information available on the relative 
losses due to eddy currents, location or pressure holes, imperfect — 
workmanship, ete. Mr. Bacon f ally agrees with all that Mr. Coleman 
say 


lt is with particular pleasure that ! refer to W. E. Snyder’s remark- 
abl. contribution as one of the most valuable accounts of European 


gas-ongine practice which has yet appeared in print and which 
will undoubtedly prove of great interest and value to the profession. — 
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Having had experience in both European and American gas-engin: 
practice and having actively witnessed the early development of thv 
blast furnace gas engine here and abroad, I feel competent to endors: 
in every particular the views expressed by Mr. Snyder. 

In preparing my paper [| purposely refrained from broaching the 
subject of gas engine design and construction; nor did I yield to the 
temptation of relating my personal experience with gas engine opera- 
tion here and abroad, well knowing that my reference to these sub- 
jects would have brought out a veritable avalanche of discussions on 
the part of both gas-engine builders and users. In line with this 
reasoning I do not care to take up point by point Mr. Snyder’s 
remarks on the construction of certain gas engine parts, but 1 wish 
to elaborate a little on one statement which is in line with the subject 
matter of my paper. 

It is an established fact that all gas cleaning plants installed 
in this country within the last five years have been very successful 
and practically free from trouble. This is largely, if not exclusively, 
due to the foresight of American steel works managers, who recog- 
nized that in view of what had been done in Europe along this 
line any attempts to solve the problem by carrying on lengthy 
and costly experiments would have meant wasting money and retrac- 
ing the steps which their European colleagues had taken before. 
Instead they willingly took advantage of the experience of others and 
adopted European methods and apparatus, perfecting them to meet 
their own conditions. It is equally true that many of the difficulties 
encountered in the operation of our gas engines in this country would 
have been avoided if this principle of profiting by the experience of 
others had been more closely adhered to in designing and building 
American gas engines. 

It is very gratifying to note the close coincidence of the results 
obtained in American and European operating practice, especially 
in regard to the purification of blast furnace gas and the lubrication 


of gas cylinders. 
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THE MECHANICAL ENGINEER 
TEXTILE INDUSTRY 


By H. L. Ganrr, New Yor« Si 


AND THE 


Member of the Society 


The textile industry enjoys the distinction. to a greater extent, — 
perhaps, than any other, of having been brought to a high state of per- 
fection without the aid of the mechanical engineer The machinery 
was developed by the mechanic before the mechanical engineer _ 
became a very important factor in the industrial world, and the plants 
were, and are still, built by mill architects. who as their name implies | 
are architects rather than engineers. The most important field of this — 
industry that the engineer has entered is the power department, and — 
in this field he has done much good work. The complicated and | 
delicate machines for working cotton fiber, however, which are > 
wonders of mechanical skill, have been brought to their high state of | 
perfection by men who were mechanics rather than mechanical engi- 
neers. The operation of these machines, until recently, has been 
directed by men whose training was exclusively that of the factory, 
and who could solve well a concrete problem. 

2 In this industry there is, as a rule, a wider gap between the 
financial interests that control, and the “help” that operate, than 
there is in almost any other industry. 

3 The textile schools are today doing much to fill this gap by 
supplying to the mills educated men who, while understanding the 
detail operation of the machines, are capable of comprehending the , 
larger problems of management, and can thus form a link between _ 
the financial men that control and the mechanics that operate. 

4 The lack of such men in the past is undoubtedly responsible 
for the fact that some of the processes which influence the subject 
of management more than they do the product, and which are 
easily susceptible of being standardized and done automatically, are 
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still being done expensively and inefficiently by hand, and in a man. 
ner that causes much subsequent labor and expense that should |e 


avoided. The solution of this problem belongs more particularly 


to the function of management, for the workman often does not see 
the influence of one process on a subsequent one in another <e- 
partment. 
5. Trefer, for example, to the process of handling cloth in a bleach- 
In order to make clear the point in mind, it is necessary to 
explain that in the process of bleaching, cotton cloth is generally 
sewed together piece by piece and handled in the form of a rope, 
which is drawn from one operation to the next by means of rolls. 
This rope of cloth is subjected to the action of various liquids, being 
first boiled in an alkali and then washed. After being washed it is 
usually impregnated with acid (technically “‘soured”’), and allowed 
to stand in a pile for some minutes to allow the acid to act. The 
methods of forming this pile and of withdrawing the cloth from the 
pile, are the operations to which I have special reference. 

6 As the piling operation is repeated after each of several im- 

-pregnating operations, the successive pilings divide the process into 
a series of separate and distinct stages with a loss of time between 
every two. The usual method of piling is as follows: 

7 The cloth is drawn from the souring machine by an overhead 
roll, which drops it to the floor beneath. A boy stands on the pile 
of cloth and so guides it with a stick that it is piled in substantially 
uniform horizontal Jayers. When the pile has reached a size deter- 
mined by the judgment of the bleacher (or the boy), the rope of cloth 
is broken at a seam and a second pile is formed. When in the judg- 
ment of the bleacher the first pile has stood long enough, the cloth 

is withdrawn and pulled through a washing machine into a bath of 
chlorine water (technically ‘‘chemic’’), after which it is again piled 
in the same manner by a boy with a stick. The judgment of the 
bleacher as to the time cloth should lie in a pile after impregnation 
seems to be controlled by his temperament, or by tradition, rather 
than by knowledge, for we find that hardly any two bleachers have the 
same opinion as to how long the cloth should be subjected to the action 
of the acid; and the practise varies from a few minutes to twenty- 

four hours. As a matter of fact the acid does all its work in ten 
minutes or less, and no beneficial effect can be discovered by a longer 
treatment. 

8 Inasmuch as it is necessary to pull the cloth from the top of 
a pile, the leading portion as it leaves the sour pile has been acted 
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pile. 


9 The top of the second pile is attached to the bottom strand of 


the first pile, and the top of the third pile is attached to the bottom 
of the second. 

10 As each strand of cloth usually goes through several pilings in 
the course of being bleached, the action of the bleaching liquors on 
any portion of the cloth would be alternately long and short, accord- 
ing as that portion of the cloth was at the bottom or the top of a pile. 
If the rope of cloth was always broken in the same place, the worst 
that could happen would be an unevenness in the bleach due to the 
difference in treatment. It frequently happens, however (and this 
is more often the case than not), that the rope of cloth is not broken in 
the same vlace; and when this occurs the various lots of cloth of which 
the rope is composed, which usually belong to different customers 
become almost hopelessly mixed. The expense of straightening out 
such a mix-up has usually been considered one of the legitimate ex- 
penses of bleaching. Add to this the fact that the piling boy often 
piles the cloth so carelessly that it tangles as it is pulled off the pile, 
and not only damages itself, but usually shuts down a portion of 
the plant for awhile. 

ll If we also realize the fact that chlorine, or ‘“ chemic,”’ not only 
forms a most unpleasant atmosphere to work in, but is actually injur- 
ious to the lungs, it would seem that some automatic piling machine 
which would hold the required amount of cloth and permit the lead- 
ing end of the pile to be withdrawn would long ago have been devised. 
Inasmuch, however, as this is not a problem requiring great mechani- 
cal skill, but one requiring a somewhat different kind of knowledge. 
it apparently had never been attacked until the writer came in con- 
tact with it. 

12 Fig. 1 shows the machine which has been developed to accom- 
plish the result, and Fig. 2 shows the cloth as it is delivered to and 
withdrawn from the machine. The machine consists of an inclined 
chute, with upturned ends, and having a bottom composed of a series 
of independent rollers, freely revolving. The cloth is dropped into 
the tall stack, and falling on the rollers is carried by its own weight 
to the bottom of the incline. The incline is filled, and as the fabric 
rises in the receiving stack, the forward end of the pile is forced upward 
in the other end of the machine, from which it is pulled off at the rate 
at which it enters the reveiving stack. 

\’ By making the chute of the proper length a pile of cloth of any 
size nay be held, and the cloth may be subjected to the action of the 


upon by the acid a shorter time than that at the bottom of the 
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liquor for any desired time, all portions of the falyric 
eceiving exactly the same treatment. Such action produces uni 


z 


Fig. 1 Avuromatic Pirinac MacHIngE 


_ formity of bleach impossible under the old conditions. and as there 
is no need for breaking seams, the goods go through the bleach !:ouse 
in the order they went in, which produces a saving of expense and 


| 
| 


H. L. GANTT 


worry realized only by the man who has operated under both 
methods. The straightening out of “mix-ups” and the “closing 
out” of “short lots” are the bane of a finisher’s existence, and any- 
thing that reduces these troubles does much, not only to smooth 
the operation of the works, but to assure the customer that he is 


Fig. 2. Progress or CLoTaH THROUGH MACHINE 


getting back exactly the goods he sent. Moreover the dirt and 
damage eaused by the piling boys are eliminated. 

li The saving in always having clean goods in uniform condition 
is grater than the saving in wages of the boys, and the relief to the fore- _ 
man of having a smaller number of bleach-house boys to manage 
aks it possible for him to devote his time to bleaching rather than — 
to boys, with distinctly beneficial results to the bleaching. 


— 
| a 
| 
LS 


504 THE MECHANICAL ENGINEER AND THE TEXTILE INDUSTRY 


15 In addition to the advantages already mentioned, there is a 
oe saving in time, for the cloth remains subject to the action of 
each liquid only the time needed to produce the desired result. Each 
piling machine takes the place of from three to four bins, and as it 
takes up less space than one bin, the saving in buildings is very con- 
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siderable. In one vase,when the washing, “‘souring’”’ and ‘“chemic 
machines were rearranged in such a manner asto use afullequipmen! 
of piling machines to the best advantage, the saving in bleach-louse 
space amounted to more than 40 per cent. Wherever the macli nes 
have once been installed it is obvious that they soon become in- 
dispensable. 
16 The fact that such an important operation can be taken caie ol 
in such a simple manner, is the best evidence that the writer entcred 
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a field that has not been thoroughly investigated by the mechanical 
engineer. The field is still open, for plants are being built today to 
handle cloth exactly as it has been handled for fifty years. The 
builders of these plants have not yet discovered the function of the 
mechanical engineer, and are still putting their faith exclusively in 
bleachers. 
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17 Fig. 3 represents the course of cloth through a bleachery where 
the writer was told that the process had not been changed for fifty 
years. Fig. 4 shows the course of the cloth in the same bleachery — 
after it had been equipped with piling machines, and other machines 
adayted to work economically with them. The new installation 
tak«s up less than 60 per cent of the space of the old and is operated 
by six people against the twenty people formerly needed. 
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18 The operations and their sequence are the same in the new as 
in the old layout, except for the installation of an additional ‘‘sour”’. 


The new layout_is not a new method of bleaching, but simply a 
mechanical engineer’s method of handling the old. There is hardly 

a bleachery in the country where the mechanical engineer cannot do 

similar work, and that without doing violence to the prejudices of 
the bleacher. 

19 The standardization of bleaching methods must come later, 
and will take time. for we have here the habits of at least half 
a century to combat. 

20 Thefield of the mechanical engineer today seems to be indus- 
trial. He is needed in all kinds of industries. Up to this time his 
attention has been confined largely to the power portion, and almost 

exclusively to the metal working portion of our industry. 

21 By accident, having always been engaged in the metal working 
industry until a few years ago, I got into the textile industry, and 
am also familiar with some other industries, and I am satisfied that 
the field for the mechanical engineer in the non-metal working indus- 

tries is as large, if not far larger than in the metal working industries, 
since the latter have been developed to a much higher state of per- 
fection than the former. 

22 Ata meeting of the National Metal Trades Association in New 
York at which I was present, statistics were given as to the decreasing 
cost of production of machines of various kinds. Those in attendance 
were largely engineers and manufacturers, whose business it is to 

_ manufacture cheaply, and who were interested in effecting shop econo- 
mies. Shortly afterwards I read a paper in Boston before the National 
Association of Cotton Manufacturers and there I found com- 
paratively few people who were familiar with the details of their shop. 
_ They were more skilful as merchants, for the high price of their 
raw materials, cotton, for instance, was such as to make the buying 
and selling end of their business much more important in their eyes 
than the actual process of manufacturing. The best talent was de- 
voted to the buying and selling end and they knew but little about 
€ the details of manufacture in many cases. 

23 Until the average cotton mill owner comes to the conclusion 
that something more is needed to make a manufacturer than a classical 
education, this situation will continue. The value of the mechanical 
engineer in this field has not yet been realized. PP caren 
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rHE ELASTIC LIMIT OF MANGANESE AND 
OTHER BRONZES 


¢ 
By J. A. Capp, Scuenectapy, N. Y. 


© Member of the Society 


a given time, testing machines have been speeded up and the slow 
extensometer has largely been displaced by the dividers, used either — 
unchanged or with some means of magnification. To represent cast- 
ings and forgings the short test piece with one-half inch diameter | 
and two-inch gage length is almost universal. As a consequence, 
while reports of tests usually include a statement of “elastic limit,” 
the property of the material actually determined is in reality that — 
more or less vague value called the yield point. It is the object of this 
paper to show that while the yield point for steel is so well marked in — 
properly conducted tests, and bears a sufficiently definite relation to 
the true elastic limit to warrant the dependence placed upon it by 
the engineer, there is no equally well-defined point found in testing — 
bronzes, and the value commonly obtained from rapid commercial 
tests as the elastic limit or yield point on bronze may be quite mis- 
leading. 

2 Manganese bronze was selected as the metal to be subjected to 
the series of tests here recorded because, of the modern alloys, it is — 
one of the strongest and is readily obtainable in the market. It is — 
not proposed, however, to discuss at length the properties of manga- 
nese bronze as such. This metal is used as a type and the results, so. 
far as behavior under a tensile test is concerned, may be taken as 
typical of brasses and bronzes in general, at least so far as they have 
conie under the observation of the author in some seventeen years of 
testing materials. 

3 Specifications issued by the Navy Department, March 30, 1909, 
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for manganese bronze, required the following approximate com- 
position: 


52 per cent 

1 per cent 

46 per cent 

1 per cent 

Manganese Trace 
Aluminum 0.5 per cent 


The specification further required: 


Tensile Strength 65,000 lb. per sq. in. 
Elastic Limit 30,000 Ib. per sq. in. 
Elongation 15 per cent in 2 in. 
Reduction of area 25 per cent 


They state “the elastic limit is to be the yield point, measured by the 
drop of the bar.”’ 
4 Manganese bronze castings in the form of cylindrical bars about 
in. in diameter by 24 in. long, were ordered from several foundries 
supplying this alloy; the orders were placed through the regular 
channels. bars of about this size being required in ordinary production. 
_ In this way it was hoped that commercial material would be obtained, 
such as might be expected in castings of more intricate shape. The 
results on these specimens, ordered without reference to intended use, 
checked very well with those upon samples submitted previously by 
the same individuals, especially for the purpose of showing the quali- 
ties of their material. Toindicate the effect of working upon the metal, 
there were also ordered two bars of the same dimensions hot-rolled to 
size, and two bars hot-rolled and cold-drawn. The effect of the cold 
drawing was lost to a great extent by the necessary turning off of the 
surface in preparing the specimen for test. Much of the cold-drawn 
metal is used in this way, however, when screw threads are required 
to provide means of fastening the part in place inthe structure. | rom 
the bars so obtained, specimens were turned which provided a test 
section 1 in. in diameter by 8 in. between gage marks, and which had, 
for the purpose of gripping, ends 14 in. in diameter threaded to fit 
the nuts required by the testing machine. 

5 Some of these specimens were pulled in the laboratory of the 
General Electric Company at Schenectady, some in the testing :a- 
chine at the United States Arsenal at Watertown, and others in the 
laboratory of the Halcomb Steel Company at Syuacune. The test- 
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in the Haleomb laboratory were made to obtain autographic strain 
diagrams; the other tests were made with an extensometer. 

6 In the tests with the extensometer, after the instrument had 
been placed, an initial load of 1000 or 2000 lb. per sq. in. was applied 
and the first reading taken; readings were then obtained at successive 


Original diameter, 0 9995 In. Original length, 8 tn. 


TABLE 1 CAST MANGANESE BRONZE, MARK 9902 B 


EXTENSOMETER TEST 


EXTENSOMETER 
Reapinos MEAN 
erRENcE 
Total 
Actual Per Sq. In. Right Left p 
1,570 2,000 0.0235 0.0075 Initial Reading - 
3,140 4,000 0.0245 0.0089 0.00120 0.0012 
4,710. 6,000 0.0254 0.0107 0.00135 0.00255 0.00032 
6,275. 8,000 0.0263 0.0122 0.00120 0.00375 0 00047 
7,845 10,000 0.0272 0.0136 0.00115 0.00490 0 00061 
9,415 12,000 0.0282 0.0151 0.00125 0.00615 0.00077 
10,985. 14,000 0.0293 0.0165 0.00125 0.00740 0.00092 
12,555 16,000 0.0306 0.0181 0.00145 0.00885 0 OO111 
14,120 18,000 0.0320 0.0198 0.00155 0.01040 0.00130 
15,690. 20,000 0.0342 0.0219 0.00215 0.01255 0.00157 
17,260 22,000 0.0370 0 0246 0.00275 0.01530 0.00191 
18,830 24,000 0.0414 0.0279 0 00385 0.01915 0.00239 
20,400 26,000 0.0456 0.0321 0.00420 0.02335 0.00292 
53,040, 67,600 Tensile Strength 
Reduced diameter............ 0.695 in. .27.5 per cent 
Reduction of area. ........... 51.6 per cent Eiastic limit (from curve) 15,000 lb. per aq. In. 
length after test..............10.20 tn. Modulus of elasticity 12,900,000 |b. per eq. in. 
Commerciat Test 
Original diameter............. 0.503 tn. Reduction of area........... 40.8 per cent — 
Original length................ 2 in. .32.5 per cent 
Reduced diameter ....... eoee 0.387 itn. Rapid stretch (yield point).26,000 lb. per sq. in. 
Lengt!: after test.............. 2 65 in. Tensile strength............. 69,650 lb. per sq. tn . 


loads applied in equal steps. In some cases, the readings were con- 
tinued regularly until the increase in extension per increment of load 
was -o great that there was no doubt that the strain diagram had 
departed markedly from the straight line demanded by Hooke’s law; 
in other tests, the normal succession of readings was continued only 
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TABLE 2 CAST MANGANESE BRONZE, MARK 9902 A 


ExTENSOMETER 


Original diameter 0.995 ft. Original length 8 in. 


STRAIN 
EXTENSOMETER 


READINGS 


Difference 
Actual Per Sq. In. Right 


1,570 Initial Reading 
3,140 0.00115 | 
4,710 
6,275 
7,848 


9,415 
10,985 
12,555 
14,120 

1,570 


14,120 

15,690 

1,570 

15,690 

17,260 0.01395 


18,830 0.01675 
1,570 

18,830 

20,400 

53,480 


16,000 Ib. per sq. in. 


13,000,000 Ib. per sq. in. 


“4 
25,000 Ib. per sq. in 
67,940 Ib. per aq. in 


& no! 
me 
— jus 
| det 
Total Unit 
ove 
D0014 
00031 
: 00046 
0061 
12,000 0.0307 0.0194 0.00120 0.00605 0.00076 
14,000 0.0318 0.0208 0.00125 0.00730 0.90091 Sam 
t 16,000 0.0328 0.0223 0.00125 0.00855 0.00107 Red: 
~ ; 18,000 0.0342 0.0239 0.00150 0.01005 0.00126 Elon 
2,000 0.0264 0.0122 0.0003 Elas 
Tens 
0.00148 
0.00174 
0.00249 Yiek: 
y Tens 
-4 
Ba 
\ Wa} 
‘ Commerciat Test iney 
3sh 
nect 
Det 
| \ 
: 


until the first positive increase in extension per increment of load was 
noted, when the stress was reduced to the initial load for the measure- 
ment of permanent set, after which the load was returned to the value 
just left, a new reading taken and the test continued with further 
determinations of set at intervals. The valuesof stress and correspond- 
ing strain obtained were plotted, and the elastic limit recorded as the 
stress at the point of inflexion of the curve drawn through the points. 

7 The specimens subjected to these tests were about 12 in. long 


over all. From the remainder of the 24-in. bars, the usual 3 in. by 2 
TABLE 3 EXTENSOMETER AND COMMERCIAL TESTS 
Tests: Specimens | 1n. (APPROXIMATE) Dia. py 81N. LONG 
Mark 9908B Q2092A Q2992B Q6434A 
Reduction of area, per cent............... 14.1 52.2 52.2 53.3 
en 6.25 33.5 33.75 31.0 
Elastic limit, lb. per sq. in abak 19,400 18,000 18,000 17,000 
Tensile strength, lb. per sq. in............. 62,07 71,800 71,640 71,620 
Modulus of elasticity, lb. per sq. in........ 13,810,000 13,000,000 13,810,000 12,800,000 


Commenrciat Tests: Aut Specimens 0.5 1Nn. (APPROXIMATE) Dia. BY 21N. LONG 


Sample Cast Hot-Rolled Hot-Rolled Cold-Drawn 
Reduction of area, per cent.... ........... 28.5 44.9 45.9 39.9 
Elongation, per cent..............00..005- 26.5 37.5 36.5 34.0 
Yield point (rapid stretch), lb. per sq. in. . 29,000 30,000 30,000 43,000 
Tensile strength, Ib. per sq. In............. 80,420 74,780 74,480 74,260 


Bar 9908B was unsound, hence } in. by 2 in. test was turned from side of bar, instead of center 
Unsoundness due to oxidation and perhaps segregation, probably accounts for the apparent cold 
shortness of the 1 in. by 8 in. test piece. Fracture occurred ina flaw, while many incipient fractures 
or cracks were noted in surface before final rupture 


in. test pieces were turned and tested in the customary commercial 
way, using a pair of multiplying dividers to indicate the point of 
increase in rate of stretch or yield point. 
8 In Table 1 are given in detail a typical set of readings taken in 
4 test at regularly increasing loads, together with the results of the 
commercial test upon the specimen from the same bar. In Table 2 
similar data are given from a test with measurements of set. Table 
8 shows the results obtained upon the other specimens tested at Sche- 
nectady. The curves for all these tests are assembled on Fig. 1. 
Details of the tests at the Watertown Arsenal are nee in nian ox 
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and 5, and the curves from these data are given on Fig. 2. The results 
of the work at the Halcomb laboratory are shown in Table 6 and Fig. 
3; the scale of the diagram is so small that the location of the point of 
inflexion is uncertain within about 2000 Ib. actual load, and the values 
in the tables are placed rather high. The multiplying dividers used in 
the commercial tests here recorded magnify the movement of the gage 
marks about ten times, and are a much more sensitive instrument 
than the machinists’ dividers for locating the yield point; hence, the 
vield points recorded are lower than are usually reported. 

9 Inthe text books and elsewhere, the limit of elasticity is defined 


STRAIN=9.001 IN, 


Curves PLorrep FROM Data In TABLES 1, 2 AND 3 
as that value of stress beyond which there is not full recovery of the 
initial dimensions or shape of the specimen after release of the load, or 
as the maximum stress that can be applied without producing per- 
manent set. In other words, it is the value of stress beyond which 
Hooke’s law no longer holds, and it is sometimes spoken of as the 
limit of proportionality of stress to strain. 


10 Accepting this definition of elastic limit, it is seen that its 
value in the bronzes tested is from 16,000 lb. per sq. in. to 23,000 |b. 
per sq. in., whereas the yield points found for the cast metals ran 
from 25,000 Ib. to 29,000 Ib., and for the worked metals, from 30.000 
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TABLE 4 CAST MANGANESE BRONZE, MARK 9902 B 


WATERTOWN ARSENAL Test 


Original diameter, 1.000 in. Original length, 8 in. 


STRAIN 


READING DIFFERENCE 


Actual Per Sq. In. Total Unit 


Initial Reading 
0.0008 
0.0013 
0.0020 
0.0027 


0.0167 


0 0280 
0.0487 0.0487 
0.2090 


Tensile Strength 


Reduced diameter 
Length after test 
Reduction of area 


16,000 Ib. per sq. in. 
12,390,000 lb. per sq. In. | 


CommercitaL Test (Mave AT ScHENECTADY) 


Origina! diameter 


4 
@ 
STRESS ,”* 7 
‘he 
SET = 
| 
1571 2000 0.0008 0.0008 
2356 3000 0.0013 0.0005 
3142 4000 0.0020 0.0007 
3927 5000 0.0027 0.0007 0.00034 0 i. 
4712 6000 0.0033 0.0008 0.00011 
5498 7000 0.0038 0.0005 0.0038 
6283 8000 0.0044 0.0006 0.0044 
7089 9000 0.0051 0.0007 0.0051 eS eee 
7854 10000 0.0080 0.0009 0.0060 0.00075 0 | 
8639 11000 0.0067 0.0007 0.0067 
9425 12000 0.0075 0.0008 0.0075 
10210 13000 0.0080 0.0005 0.0080 
10996 14000 0.0086 0.0006 0.0086 
11781 15000 000 0 0004 0.0090 0.00113 0 
12566 16000 | 0.0105 0.0015 0.0105 
13352 17000 0.0119 0.0014 0.0119 0.00149 0.0005 ae 
14137 18000 0.0133 0.0014 
15708 20000 0.0167 0.0022 0.00209 0.0025 
19635 25000 0.00350 0.0085 
23562 30000 0.00609 0.0241 
31416 40000 0.02613 0.1730 — 
50600 64458 
= . 
are 
Rapid siretch (yield point) Ib. per aq. tn. 
Tensile 69,060 Ib. per oq. in. 
. 
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TABLE 5 CAST MANGANESE BRONZE, MARK 9908 B 
WATERTOWN ARSENAL TESTS 


Original diameter, 0.7854 in. Original length, 8 in. 


RBADING 


Actual Per Sq. In. 


Initial Reading 
0.0007 
0.0013 
0.0017 


Reduced diameter 
Length after test............ 
Reduction of area 


Original diameter... ... 
Original length............ 


Tensile strength........... 80,490 Ib. per eq. in. 


23,000 lb. per sq. in. 


Modulus of elasticity, 13,300,000 Ib. per sq. ip. 


Rapid stretch (yield point) 29,000 Ib. per sq. in 


STREss STRAIN 

2356 3000 0.0013 0.0006 dl, 
3142 4000 0.0017 0.0004 
3927 5000 0.0023 0.0006 0.00029 0 
4712 6000 0.0028 0.0005 0.0028 
5498 7000 0.0036 0.0008 0.0036 
6283 8000 0.0040 0.0004 0.0040 
7069 9000 0.0047 0.0007 0.0047 
7854 10000 0.0052 0.0005 0.0052 0.00085 0 
i 8639 11000 0.0059 0.0007 0.0059 
9425 12000 0.0064 0.0005 0.0064 
10210 13000 0.0070 0.0006 0.0070 4 
10096 14000 0.0074 0.0004 0.0074 
ae 11781 15000 0.0081 0.0007 0.0081 0.00101 0 { 
12566 16000 0.0088 0.0007 0.0088 
13352 17000 0.0094 0.0006 0.0094 
14137 18000 0.0099 0.0005 0.0099 
14923 19000 0.0104 0.0005 0.0104 
: 15708 20000 0.0113 0.0009 0.0113 0.00141 0.0001 
17279 22000 0.0126 0.0006 0.0126 
o 18064 23000 0.0135 0.0009 0.0135 0.00169 0.0003 
18850 24000 0.0143 0.0008 0.0143 
19635 25000 0.0156 0.0013 0.0156 0.00195 0.0010 
20420 26000 0.0165 0.0009 0.0165 
Be 21206 27000 0.0171 0.0006 0.0171 0.00214 0.0015 
21991 28000 0.0186 0.0014 0.0185 
22777 29000 0.0200 0.0015 0.0200 
a a, 23562 30000 0.0210 0.0010 0.0210 0.00263 0.0034 
> } 27489 35000 0.0325 0.0115 0.0325 0.00406 0.0118 
a “ 31416 40000 0.0607 0.0282 0.0607 0.00759 0.0384 
—. 35343 45000 0.1225 0.0618 0.1225 0.01531 0.0920 
53900 68662 wile Strength 
—— 
in. Elongation................. 10.6 per cent 
85 in. Elastic limit.. 
.2 per cent 
CommepnrciaL Test (Mapge AT ScHENnxzc 
0.504 in. Length after test 2.63 In, 
; — 2 in. Elongation.... ... 26.5 per cent 
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lb, to 44,000 Ib. per sq. in. Had ordinary dividers been used, the val- 
ues for the cast metals would have been placed between 30,000 Ib. 
and 40,000 lb. per sq. in. The strain diagrams from the extensometer 
tests show the general shape of the elastic curve of the metal, and 
permit the accurate fixing of the point of inflexion of the curve; the 
autographic diagrams however, show not only the actual shape of the 
curve, but also why there is the uncertainty in the locating of the 
yield point or point of rapid increase in rate of stretching 
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Fia. 2 Curves PiLotrrep rrom Data In TABLES 4 AND § 


11 For comparison, the autographic diagram of a piece of com- 
mercial “structural medium” steel is shown as No. 1 in Fig. 3. At 
the scale of the diagram, no inflection of the curve is seen until it 
suddenly breaks sharply, actually drops and remains practically 
horizontal until it finally picks up again. This jog is entirely char- 
.cteristic of mild steel, and is found to a more or less marked extent 
‘n all steels, save perhaps the very hard varieties. There is, however, 
.0 break of any sort in the curves obtained from bronze; they are 
ntirely smooth. Somewhere along the knee of the curve, the tester 
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notes that the material is stretching faster; just where he notices it 
will depend upon the sensitiveness of the means employed to indicate | 
stretch, and upon his skill and sharpness in observation. The jog 
in the steel curve is indicated simultaneously by the slipping of the 
dividers and by the dropping of the scale beam of the testing machine 
driven at constant speed. The scale beam does not drop when test- 
ing bronze; the operator finds the poise gradually traveling more 


i at) TABLE 6 HALCOMB STEEL COMPANY TESTS 


Tests, Specimens 1-1n. Dia. By 8-1N. LONG 


Mark 99024 99084 Q20924 Q64344 
Number on curve sheet 1 2 3 4 5 
Sample Steel Cast Cast Hot-Rolled Cold-Drawn 
Reduction of area, per cent .......... 53.6 8.3 14.1 53.2 38.6 
Elongation, per cent ............. ... 36.3 27.2 6.6 34.4 25.2 
Elastic limit, Ib. per sq. in........... 38,000 21,400 22,900 22,800 25,200 


Tensile strength, lb. per sq. in........ 60,140 69,700 63,940 71,820 68,500 


CommerctaL Tests (Mane at ScHENECTADY): ALL Specimens 0.5 1N. Dia. ny 2.1N. LONG 


Sample | Cast Cast Hot-Rolled Cold-Drawn 


Reduction of area, per cent...................... 54.8 22 4 49 39.9 
42.0 14.5 37 5 340 
Tensile strength, Ib. per sq. In. .................. 67,940 70,900 74,780 74,260 


slowly to maintain balance, but who can say when the change in rate. 
began? 

7 ; 12 It is customary to find the yield point in mild steels, and in 
faet, in annealed steels gencrally, at about 50 per cent of the maximum 
strength. The yield point in mild steels corresponds, for al! practical 
purposes, to the elastic limit. As the steel becomes harder, due to 
increase in carbon or the addition of alloying metals, or to heat treat- 
ment, the yield point rises rather more rapidly than the elastic limit, 
although the difference between the two is not so great but that the 
former may be used in calculations, and the yield point itself is less 
sharply maried, though still observable if sufficient care is taken. 
The yield point in steel is accepted as a safe guide to the engineer, in 
deciding upon the maximum stresses that may safely be permitted 
in parts designed to carry load. 
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That no such dependence can be placed upon the so-called yield 
point, as it is determined upon bronzes, is evident; rather, recourse 
must be had to the slower but more accurate determination of the 
true elastic limit if safe data are desired. It is especially noteworthy 
that the sets found at the minimum values of yield point as usually 
reported are a very considerable proportion of the total stretch that 
has taken place in the metal at those stresses, and that sets are found 
at stresses which are but 40 to 50 per cent of these reported yield 
points. Under certain conditions of dead load, a stress of 75 per cent 
of the elastic limit is sometimes considered at least not unsafe; if such 
a load were calculated for bronze, upon the hasis of the usual commer- 
cial test for yield point, instability of the part so designed would be 
inevitable. 


Fia. 3 AvToarapnic STRAIN DIAGRAMS TO ACCOMPANY DATA IN TABLE 6 


14 Hot working of the metal has not materially improved its _ 
elastic properties, but has greatly increased its toughness, and prob- 

ably in an extended series of tests, would have been found to impart 

uniformity. It is well known that this particular alloy is relatively 
difficult to handle in the foundry because of its sensitiveness to tem- 

perature of pouring and to changes in composition, at least in the ; 
sense of impurities in the constituent metals, and because of its great 
shrinkage, requiring large feeders and sink heads. As in other copper 
alloys, many of the ill effects of this sensitiveness may be largely over- 
come by hot’working. The data here presented are too meager to 
warrant lengthy discussion of the effects of cold working of the metal; 
it is shown that in the case of bars of 13 in in diameter, the effects of 
the cold drawing may have largely disappeared when } in. of metal is 
removed, except as shown in a lessened elongation. Neitber hot nor 
cold working cause any change in the elastic curve of the metal; it 
remains acharacteristically smooth curve. In other cold-drawn copper 
alloys, when tested without removal of surface, the elastic curve 
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usually presents a much sharper bend at the knee than is found in the 
cast metal, or in the same metal when annealed; the same would 
probably be found with manganese bronze if tested as drawn, with- 
out turning. Cold-drawn metal, except wire, is seldom used without 
removal of the surface to provide means of fastening, and it surely 
is safer to test it as it is used rather than in the perhaps fictitious 
condition of strength due to skin hardness. . 

15 These results do not constitute a new discovery. In the liter- 
ature of testing engineering, references may be found with direct 
bearing on the subject; but in these days of rapid progress and short- 
cut methods, much that is old, or that may be found only by search, 
is apt to be forgotten or overlooked. Comparatively few laboratories 
have autographic machines, and the use of the extensometer with a 
specimen only 2 in. long is not very satisfactory because of the small 
extension of so short a length of material under stress. Many other-— 
wise well equipped laboratories have no extensometer. So much 
experience in testing materials is based upon work done upon iron 
and steel that it was perhaps a natural assumption that the char- 
acteristics of these metals would also be found in bronzes and similar 
alloys and hence that methods of testing used successfully with one 
would yield equally safe results when applied to the other. Test re- 
sults which are misleading are exceedingly dangerous; they induce a 
false sense of security which may result in the failure of ee 
and lead to the condemnation of a material which would be perfectly 
satisfactory if properly applied and not unwittingly abused. 

16 The author wishes to acknowledge the courtesy of Dr. John 
A. Mathews, operating manager, and Marcus T. Lothrop, metal-— 
lurgical engineer, of the Halcomb Steel Company, in furnishing the 
means of obtaining the excellent autographic strain diagrams repro- 
duced in Fig. 3. 


DISCUSSION — | 
S. A. Moss. Mr. Capp has pointed out that we cannot find the 


limit of proportionality in bronzes by the old steel method. I would. 
like to ask, are we interested in the limit of proportionality at all?” 
It seems to me that the engineer is interested in the permanent set, 
which may not be connected with the limit of proportionality in any 
way. Itseems to me that it would be a good thing if we confined 
our attention to this set, and would in making tests on materials 
almost wholly remove the load after each application, measure the — 
permanent set, apply a greater load, remove it almost wholly, and 
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DISCUSSION 


again measure the permanent set, etc. In this way we could make a 
curve of permanent set, and need not consider the stress-strain curve. 
Such curves-are of the shape of the usual stress-strain curve, with 
quite a bend. The place where the bend begins could be defined as 
an elastic limit, which is of much more interest to the engineer than 
the limit of proportionality or the yield point. 

The cold-drawing process, or application of stress for a second 
time, adds a complication. After material has once received a per- 
tuanent set, it will not receive as great a one the second time. This 
can be taken into account and if desirable the place found where the 
appreciabie permanent set begins after the second application of 
load. This necessitates applying and removing each load twice 
before measuring the permanent set. 


F. W. Dean asked if there was any evidence to show that a piece 
of steel left to itself for a time regained any of its original qualities. 


Tue AutTHor. Mr. Howard at the Watertown Arsenal, has re- 
cently repeated tests on bars which were overstrained a great many 
years ago, and have since been laid aside to rest. The tests are not 
entirely completed, but there seems to be evidence that if the over- 
stress is not so great that the particles have been definitely torn apart 
and set up in new arrangement, there will be almost an entirely 
complete recovery, in which the chances are that the original limit 
of proportionality will have been raised to a point between the original 
value and that of the overstrain. 

Dr. Moss’s statement with respect to the location of what we 
might call the first permanent set point is pertinent. It is perhaps 
a happy coincidence that in most of the materials commonly tested 
for engineering purposes, the first permanent set point and the limit 
of proportionality very nearly coincide. Taking into account the very 
long time it takes to conduct a test to determine the first permanent 
set point and the difficulties in making sure that the lower load 
selected as the zero point is always exactly secured, there is a 
justification for abandoning that method of test in favor of plotting 
the elastic curve, and getting the limit of proportionality. The 
points are not so far apart that the engineer is not warranted in basing 
the safe load on the limit of proportionality instead of on the first 
permanent set point. 

Dr. Moss had mentioned as possible a material which does not 
show any permanent set until the stresses have been carried well out 
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on the curved portion of the elastic curve. Cast iron is apt to be 
such a material. There is practically no straight line portion on he 
elastic curve for cast iron, and yetitis difficult to measure any per- 
manentset when testing, even the ultimate elongations being small 
and difficult to measure. Several persons have reported as much as 
; per cent of elongation in 8 in., which is, of course, very little. The 
relatively more brittle metals ncealiy test as high as 4 or 5 per cent, 7 
and tougher metals as high as 40 per cent. 

A jog in the stress-strain curve is characteristic of all the wr 
or untreated steels, and it is also true that overstressing eliminates it. 
That is shown in testing cold-rolled steel or steel wire, the extreme 
case of cold-drawn steel. Steel wire is obtained by a controlled stres- 
sing of the material beyond its elastic limit by drawing it through a 
die, which to a certain extent controls the amount of the permanent 
set and of the overstressing. 

The real object of testing is to determine the characteristics 
of a material so that one may decide what shall be safe stresses in any 
structure, taking into account the elastic properties of the material, 
its ability to stand up under repeated or alternating stresses and 
other similar conditions. Usually such safe loads are a certain pro- 
portion of the elastic limit. If, however, the elastic limit is deterniined 
by erroneous tests to be double its true value, any calculation based 
on such data is utterly unsafe. 
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WITH DISCUSSION OF ITS APPLICATION IN THE DESIGN OF LARGE 
PIPES OF REINFORCED CONCRETE 


By Raymonp D. Jounson,! N. Y. 


Non-Member 


The hydrostatic chord is allied to the catenary, the parabola and 
the circle, because all of these curves may be formed by a flexible 
inextensible substance, supported at its two extremities and properly 
If the load is uniformly distributed with respect to a hori- 
zontal line joining the supports, the action of gravity will shape the 
supporting substance to form a parabola. If the load is uniformly 
distributed with respect to the curve itself a catenary is the result. 
If the load is applied by fluid pressure, irrespective of the direction 
of gravity, so that the pressure is of uniform intensity normal to the 
curve, a circle is formed. If the load is applied by fluid pressure 
which varies according to the head or depth of water at any point, 
the curve resulting from this system of forces normal to the curve 
is a hydrostatic chord, which can easily be imagined as the curve 
which a flat canvas hammock would take if filled with water. 

2 If the canvas were sewed together to form a closed curve, and 
supported on end as a vertical cylinder, the cross section would become 
circular under fluid pressure. If now the open ends of the cylinder 
were sealed with flexible bulkheads and the cylinder was tipped over 
on its side when completely filled with water the cross section would 
become a hydrostatic chord, although it would still theoretically 
be a circle also, until a drop of water was allowed to escape, that is, 
if the water be regarded as incompressible. Since the shell of the 
cylinder is assumed inextensible, and a circle encloses the maximum 
area for a given perimeter, it follows that the mere act of tipping such 
a eylinder towards the horizontal position would immediately develop 
infinite stress in the enclosing-membrane, if the water could not par- 
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tially escape. If one now imagines a hole pricked in the side of the 
cylinder on top, and connected with a vertical pipe or piezometer, 
some of the water would escape up into the pipe and at the same time 
the shape of the cylinder would take on the characteristics of a true 
hydrostatic chord. The water would continue to rise until the head 
above the top was just sufficient to hold the remaining water in the 
equilibrium shape. At this time the surrounding membrane would 
be in pure tension, equal throughout, and of finite value. The very 
fact that the tension must be constant in all portions of the shell 
furnishes an easy means of constructing its shape, because the ten- 
sion at any point is obviously measured by the product of the radius 
or curvature and the head at that point. 

3 If more water now be poured into the piezometer pipe, the 
shape of the cylinder will approach a circle; its vertical diameter will 
lengthen and its horizontal diameter will shorten. It would, however, 
never become a circle for a finite head of water. Conversely, if water . 
be drawn off, the shape would become more and more oblate until 
finally the membrane would collapse into a plane surface at zero 
head. 

4 It seems apparent from the above discussion that a circle is 
not the natural shape for a pressure pipe lying on its side, especially 
if its diameter is large as compared with the water pressure. No one 
would think of designing a vertical water tank with an elliptical cross 
section, and thus subjecting the shell to enormous and unnecessary 
deforming stresses in its effort to become circular. And yet it has 
not been unusual, not only to design concrete pressure pipes circuiar, 
but even to go to the other extreme and shape the section with its 
least radius of curvature at the top instead of at the haunches. 

5 This latter procedure might be compared to designing a stiff 
suspension bridge cable, say, for the sake of illustration, of reinforced 
concrete, and shaping it like an ellipse with its long axis horizontal, 
instead of the more natural shape in which the radius of curvature 
would decrease toward the center, instead of increasing. Such a 
chord is obviously so ridiculous that an example of it could not be 
found in practice. Instead it would probably be designed of para- 
bolic shape, which would be perhaps as good a compromise as one 
could reach. If it were really too stiff to adjust its shape to changes 
of load, as for example when a moving load passed over the bridge, 
then more or less severe deforming stresses would be the result, but 
how much less than in the former case. 

6 Similarly, although it is impossible to design a stiff pipe of 
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such a shape that there will be no deforming stresses under the vary- 
ing conditions of water pressure and back fill and the constant weight 
of the shell itself, yet these stresses can be reduced to a minimum by 
adopting a form which lies midway between the ideal equilibrium 
shapes which the pipe tries to assume under the various water pres- 
sures to which it may be subjected. This matter is of much prac- 
tical importance in large conduits, proper design of the cross sec- 
tion meaning the saving of perhaps one-half the material, concrete 
or steel. 

7 It is not the writer’s purpose to take up the mathematics of 
the hydrostatic chord, nor to discuss the complications of a typical 
design. The element of judgment enters so largely into such a study 
that it is impossible to do it justice in restricted space and time. 
A few general hints may be of service. 

8 It is well known that a circular cylindrical shell lying on its 
side has four nodes, or points of contra-flexure, due to its own weight. 
These lie at points 50 deg. 36 min. 45 sec., and 146 deg. 19 min. 25 
sec., respectively, from the vertical. It can be demonstrated that 
the locations of the nodes due to the weight of the water within such 
a cylinder are the same. It can also be shown that the bending 
moments due to both causes are exactly proportional at all points 
of the arc, and may therefore easily be combined. The equilibrium 
shape which would sustain the existing water pressure without any 
tendency to deform, can easily be plotted from the polar equation 
of the bending moments in a circle, in terms of the angle of depar- 
ture from the vertical, remembering that the radial intercept between 
the circle and the new curve at any point, is a measure of the bending 
moment at that point, and when multiplied by the corresponding 
tension at that point of the circle will give the value of the bending 
moment. 

9 Conversely, if the bending moment be divided by the tension, 
the radial intercept will be the quotient, and may be plotted. The 
value of this intercept at any angle, and for any assumed head H 
above the top of the pipe, is as follows: 


r(4— y) 


wherer = die of the circle, and y = } cos ¢ + 4 ¢sin ¢. 

10 Any number of such curves may be plotted, according to the 
number of different values of H assumed, and all of these will of 
course pass through the same node points. 


11 These equilibrium shapes are not identical with the hydro- 
static chord, for the reason that the forces acting to produce the lat- 
ter are strictly normal to the curve itself, whereas in the former case — 
the applied forces are always considered to be normal to the common 
circle for all the different equilibrium curves. 

12 The discrepancy between the two curves for any given head 
is, however, so slight as to be negligible for all practical purposes. A 
measurable difference would scarcely be found except for very low 
heads, say less than one diameter above the top of the pipe, where 
the stresses are small and not important. After the head reaches 
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a value of five or six diameters above the top of the pipe, the departure 
from a circular shape is comparatively slight, and therefore this dis- 
cussion is particularly applicable only to large pipes under low pres- 
sure. 

13 It will be found that when the pipe is supported on a contin- 
uous saddle, as is usually the case, the maximum stress is likely to be 
iocated at the top of the pipe, so that if the shell is made homogen- 
eous no other point need be investigated for stress. If the pipe in- 
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stead of being circular, is formed on the lines of any one of the equi- 
librium curves, or better still, on the lines of the true hydrostatic 
chord for a particular head, then the bending moments induced in it 
by any other head may be scaled or computated at any point by 
noting the length of the intercept between such a curve and the curve 
corresponding to the head under consideration. The value of the 
tension at any point, which must be multiplied by this intercept, is 
given by the formula ar [H + r (1 — y)], where @ is the weight of 
a cubic foot of water and the other quantities remain as before. 

14 In arriving at the total stress it is necessary to combine alge- 
braically the bending stresses due to weight of shell, back fill and 
weight of water, and then add to them the tensile stress due to the 
water pressure. The bending moments in a circle when lying on a 
flat surface are simply expressed by the equation, — ar* (3 — y). 

15 When the pipe rests on a saddle the maximum stress is usually 
found at the top of the pipe, as before stated; and although its amount 
is somewhat lessened by the presence of the saddle underneath, it 
is not considered advisable to rely on this, and it is best to design 
for stress at this point strictly as though the pipe had a very narrow 
saddle, or theoretically none at all. 

16 The above reasoning is not to be regarded as hard and fast for 
text-book use, and the conclusions are known to be merely close ap- 
proximations. Many interesting properties of the hydrostatic chord 
have been studied by the writer, and much of the mechanics relating 
to pipe design has been more or less thoroughly worked out; but 
there is so much of no practical application, and so much time would 
be needed to codrdinate the material, that no attempt has here been 
made to do so. 

17 The curve itself is not new if one considers it the same as the 
hydrostatic arch with the stresses all reversed, but very little, if any, 
study of its properties and practical application has been published. 
Nothing of the kind has ever come to the notice of the writer. Asa 
matter of theoretical mechanics and even of plane geometry there 
seems to be an opportunity for a little addition to the technical in- 
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By Rear-ApMIRAL Geo. W. MELVILLE, U. S. N., Ret. 
or 


Honorary Member of the Society 


_ Doubtless everyone present has read Macaulay’s famous chapter, 
in his History of England, which describes the conditions obtaining 
in 1685. This chapter is one of the most wonderful descriptions in 
all literature, giving as it does the details of every feature of the life 
of that time, some 200 years ago. I refer to this account because I 
want you to contrast it with the conditions of today, to which we are 
so accustomed that it requires some effort to remember that the com- 
fort and conveniences of the poor man of today were beyond the wildest 
dreams of the wealthiest men of the period described by Macaulay. 
At that time there were no sidewalks and the streets were unlighted; 
the highways became bogs in rainy weather, and highway robbery 
was almost a recognized profession; sanitation and sewerage were 
unknown, and refuse heaps accumulated under the windows of the 
great and the wealthy; it was dangerous to go out alone at night; and 
it was still Jegal to hang the unfortunate who stole a loaf of bread. 

2 Macaulay remarks in oneplace that at such fashionable watering 
places as Bath, the nobility had to put up with accommodations at 
which the servants in the year 1850, in which he was writing, would 
have turned up their noses. 

3 Now when we compare the two periods and remember that there 
is hardly a branch of human activity in which there has not been the 
greatest improvement, we are naturally led to ask to whom is the 
improvement due. 

4 In all fairness, we should doubtless have to say that most of the 
professions have had a part in the amelioration of conditions, although 
the student of history remembers with regret how the great lawyers 
opposed the remission of the death penalty for what we would now 
consider minor offenses. 

5 Physicians are undoubtedly eatitled to much credit for ad- 
vances in medicine, surgery, sanitation and hygiene, and we might 
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go on and give credit to others. It seems to me however, that 
when some future Macaulay describes the condition of the United 
States at the beginning of the twentieth century and attempts to 
award the credit for the existing comforts and conveniences, the 
major part must be given to the profession of engineering. Within 
100 years after the time described by Macaulay, Watt had so far per- 
fected the steam engine as to bring about the beginnings of the fae- 
tory system, making possible the low cost of clothing and of articles 
of manufacture of every kind. In a century the steamboat and 
the railroad had come into being. Then we have gas for illumi- 
nation and the telegraph for rapid communication, and so on 
down the line to the present day with its electric light, electric rail- 
road and telephone, every one due to the engineer. 

6 Added to the superior facilities of communication by railroad 
and steamer came mechanical refrigeration, which enables the densely 
populated countries of the old world to be supplied with meats from 
the great plains of the new, and these superior means of transporta- 
tion have provided the rapid movement of food products so that the 
whole world contributes to the delicacies of our table, no matter where 
we are. 

7 The contrast between the conditions of the great cities of the 
period described by Macaulay with those of today is startling. 
Cities were without the conveniences which a country town of 
moderate size now considers absolute necessities. The systems 
of water distribution, sewerage, street paving, etc., are all the 
work of the engineer, and filtration plants obviously are engmeer- 
ing works, even if we consider their inception to be due to the 
medical men. 

8 Perhaps you ask why I should go into these details which are 
common knowledge, when their mention can give little additional 
information. My reason is that 1 want to emphasize the facts as a 
basis for the discussion of the question: What does the engineer owe 
to society when society owes so much to the engineer. 

9 In the early history of the race when war was the almost con- 
stant condition,it was inevitable that the great warrior should become 
the leader and ruler of the people. As time went on, the engineer 
developed, as we know from the wonderful works of antiquity like 
the great aqueducts, the bridges, tunnels and roads; but, from the 
past, had come the tradition lodging leadership in the warrior caste, 
where it remained for many centuries, and indeed, has still a 
tendency to remain in monarchical countries. 

10 During the last century, wars have been less frequent and, 
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due to the engineer, commerce has become so prominent that while 
the hereditary nobility still linger on the scene, their titles have be- 
come almost meaningless. This was particularly noticeable when one 
of the English dukes served in the quartermaster’s department dur- 
ing the Boer war in a subordinate capacity, and still more so in the 
war between Russia and Japan, when only one Russian general was 
a member of the nobility. 

11 1 think you will see the point to which I am leading, namely, 
that in this “age of the engineer,” he should not rest content simply 
with doing the work which makes for our comfort and happiness, 
at the command of others, men who are lawyers or simply business 
men, but that the engineer himself should take a vital and directing 
part in the administration of affairs. I know the objection that an 
engineer’s professional work is so engrossing and exacting that he 
cannot become a politician in the sense that a politician is a man who 
gives all his time to pulling wires and filling offices. This is doubtless 
true, but where it is a matter of self-interest, the engineer, like other 
men, can find time for this extra work. 

12 We Americans are fond of claiming that we have the greatest 
country and the most free and best government in the world. 
That government, however, for its efficiencyand integrity depends 
upon us as citizens, and it ought to be a matter of the greatest pride 
to every American to do his part, so far as lies in him, to make the 
country and its government better and happier every year. 

13 In view of the enormously important part which the engineer 
plays in the life of today, it is incumbent upon him, more than upon 
most other men, to take a vital interest in the work of government 
and to lend his trained ability and judgment to its perfection. 1 do 
not mean of course that the engineer should do routine professional 
work for the government without compensation, but that in the dis- 
cussion of public improvements and the administration of govern- 
mental departments, he should take an active public stand to influence 
and guide the non-expert part of the population. 

14 It is notorious that enormous amounts of money have been 
squandered on great public works. because they were undertaken in 
a way which every engineer knew must be inefficient and uneco- 
nomical. If allof us as engineers had a keen sense of our duty in this 
respect, and would properly utilize our experience and ability through 
the daily press, the magazines and the reviews, by public discussion, 
and in the daily intercourse of life, as well as by impressing the truth 

upon our representatives in municipal and national affairs, I believe 
we would accomplish an immense amount ofjgood. ==” 
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15 It will be understood, I am sure, that in this 1 refer almost 
entirely to the relations of engineers to society in general, and not to 
other professional men. For many years engineers have been most 


— 7 generous in making public to their technical brethren the results of 
a : their experience, and our own Proceedings are full of instances. It 
. 7 would be impossible to name more than a few, but perhaps the most 
7 7 notable case was that of Past-President Taylor in the publication of 
- the results of his life work of research on the Art of Cutting Metals. 


16 A problem of foremost importance at the present time is the 
management of labor to secure efficient work and satisfied men. It 
is probable that the direction of more than 90 per cent of the skilled 
labor is in the hands of engineers. Most emphatically is this a case 
where engineers owe a great duty to society. It is, therefore, an es- 
pecial pleasure to recognize that some of our own members have played 
: a foremost part in the best work that has been done in devising plans 
for compensating labor which will stimulate the men to their best 
efforts and reward them adequately. The names of Halsey, Taylor, 
Gantt and Emerson will at once occur to you. 
: 17 It would be inappropriate in this brief address to attempt a 
detailed discussion of the labor problem, but I feel that I shall voice 
the sentiment of every one present when I say that the effort of every 
patriotic American should be exerted to maintain absolute freedom 
of contract in labor matters as in all others. Just as we are opposed 
to monopoly by capital, so we are to the same thing by labor. 

18 No reasonable man objects to labor organizations, as such. 
They have undoubtedly been the cause of much benefit to the men. 
The danger with them, as with political organizations, is the forma- 
tion of a machine which utilizes the organization solely for the sel- 
fish interests of the members of the machine. There can be no doubt 
whatever that many strikes are against the real wishes of a majority 
of the men, who are overborne by the machine and its adherents; and 
it is also true that the net result of nearly all strikes is an actual loss 
tothe men. The problem is an exceedingly difficult one and requires 
g the greatest wisdom, patience and tact for its complete solution; if, 

indeed, taking human nature as it is, we can ever hope for its removal 
from the list of worries of the manager of great enterprises. 

19 Many questions prominently before the public are peculiarly 
such as require engineering knowledge for their proper understanding 
and regulation. The word trust has come to have such a sinister 
meaning that it is only necessary to fasten it upon an enterprise to 
render it criminal in the popular estimation. We have recently heard 
a great deal about the so-called Water Power Trust, the charge being 
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that all the available power sites were being grabbed so as to subject 
_ our citizens at some future time to the payment of tribute for electric 
power derived from them. TI am not concerned, at the moment, with 
a discussion of monopolies, which we all deprecate, but with pointing 
out that engineers know these water powers cannot be made avail- 
able except by the expenditure of large sums of money. Indeed, it 
would be easy to point out the fortunes that have been lost in the 
attempted exploitation of these supposedly lucrative natural gifts. 
The general public is utterly misled by statements that these power 
sites are obtained for nothing, the idea being that the development 
is a matter of small expense. Here the engineer can do a work of 
real benefit by disseminating correct information. 
20 Again, in the consideration of public service corporations, the 
engineer knows the cost of installation and operation, and so can dis- 
cuss intelligently whether rates are fair or exorbitant, and whether 
capital represents real investment or water. These are problems 
of the greatest importance, and for their proper solution, the electo- 
rate needs training that can be given by no one else so well as by the 
engineer. 
21 About a year ago, at our Washington meeting, I did what 1 
could along this line by pointing out mistakes in connection with 
navy yard organization, and this illustrates very clearly what I am 
advocating for all engineers. Here was a great department of the 
Government for which the annual appropriation now exceeds one 
hundred millions of dollars. Its administration had fallen into the 
hands of a man who started to make changes in the entire adminis- 
tration which would have been ruinous to efficiency; and yet, hardly a 
voice was raised in opposition. 
22 Idonot mean to imply that engineers never show public spirit | 
in such ways as I have suggested: there are too many instances to the 
contrary. Our own Society and others which have taken part in the 
movement for conservation of our natural resources have set a good 
example, and other cases could be cited where individual engineers 
have shown commendable enthusiasm. These, however, are mostly 
cases of unusual importance and relatively infrequent. What I am 
pleading for is a habit of mind that will cause engineers to take an 
active part in all public questions, great or small, where their knowl- 
edge and experience will enable them to contribute to the common 
good. 

23 The movement which has been set on foot by Congress to estab- 
lish a Bureau of Mines suggests an opportunity for the engineer to 
take an active part in public affairs. I question whether this idea 
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might not be developed a little further by providing for a department 
with a Cabinet officer at the head, to be called the Department of 
Mines and Manufactures, with the scope implied by the title. 

24 When we think of the enormous values represented by the 
industries which would come within the purview of such a depart- 
ment, it seems only reasonable that they should be under the care 
of a Cabinet officer. If we are told that there is already the 
Bureau of Corporations, I would point out that the object of this 
proposed new department is quire different from that of the exist- 
ing bureau which thus far, in the estimation of many, has done 
little or nothing to advance the interests of manufacturing, but has, 
in their opinion, disclosed a spirit which is almost inimical. The 
department that I have in mind would aim to stimulate improve- 
ment and progress in manufactures and industries generally, in 
somewhat the same way that the Department of Agriculture has 
done for the farmers. 

25 We have often heard engineers complain that the profession 
does not receive due praise and credit for its splendid work. This is 
true enough, but is the reason not very largely because the engineer 
has hitherto been content to do the work and then faae into the back- 
ground, leaving the talking and the management to the lawyer and 
the politician? With the advance of technical education, engineers 
are more and more becoming the high officials of our large corpora- 
tions. Itis to these men, whose talents and trained ability have made 
them the leaders in manufacturing and in business, that the country 
has the right to look for leaders ia the affairs of government, and not 
until the engineer of all grades has done his part towards the promo- 
tion of the highest efficiency of the Government can he truly say that 
he is, in the fullest sense of the term, a good citizen of the Republic. 


1Since the time this address was prepared the bill in Congress referred to 

above has become alaw. The newspapers have published an item that con- 

sideration was being given to the formation of a Department of Public 

Works. This is along the same general line as my suggestion above for a 
Cabinet officer to head a Department of Mines and Manufactures. 
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BALL-BEARING LINESHAFT HANGERS 


By Henry Hess, PHILADELPHIA, PA. 
' Member of the Society 


This paper is presented because of a request for more specific infor- 
mation made during the discussion of a paper that I was privileged to 
read at the Annual Meeting in New York, December 1909. That 
paper dealt with Lineshaft Efficiency, Mechanical and Economic, and 
was restricted to the presentation of actual measurements of the power 
consumption of the same lineshaft when mounted on plain and again 
on ball bearings, with that change the only variable. 

2 It was the purpose of the paper to describe merely the actual 
test and its results, thus adding to the fund of available engineering 
knowledge. The favorable economic showing of the ball bearing 
is inherent in the advantages of rolling as compared with sliding fric- 
tion, quite aside from any particular make of ball-bearing; though if 
durability as well is to be secured, it naturally is essential that bear- 
ings of correct design and suitable workmanship and material be 
selected. The demand at the time of the discussion and since must 
serve as apology for such references to a product for which [am respon- 
sible as are incident to a description of the installation in question. 

3 The first real improvement in hangers was made inthis country 
in 1848 by Edward Bancroft, the father of one of the oldest and 
most honored members of our Society, who first mounted the box to 
swivel fully while well supported and who also gave it vertical adjust- 
ability. The means are so familiar to every one today as to constitute 
a vommonplace. This original hanger was supplied with carefully 
fitted adjusting screws of liberal size; their ends terminated in 
correctly machined spherical sockets fitting over correspondingly 
machined spherical segments on the top and bottom of the box. Once 
adjusted in the hanger the box retained its place until a readjust- 
ment was demanded by some outside cause such as a settling building. 
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4 Unfortunately, the constant and incessant demand for lower and 
yet lower costs was given heed to by many until in course of time not 
a few of the many makes of hangers marketed are not machined at all, 
but are foundry jobs throughout. Even so, the consequent looseness 
and indefiniteness of position of the box supporting screws is not a 
very serious matter with plain be neal ‘The ai very ieanei of the plain 
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bearing, equal to some four or five shaft diameters, helps to hold the 
box in line with the shaft if that is straight; or if the deflecting forces 
are too great, then the resultant excessive pressure on the plain hear- 
ings will draw attention to the trouble and by an insistent squeal, 
demand correction. 

3 In first applying ball bearings to lineshafts I employed various 
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HENRY HESS 
hangers such as were on the market. The bal! bearing was set in an 
enclosing box, which in turn was held between the same supporting 
screws that supported the plain bearing displaced. Occasional 
reports were received that the power consumption was greater after 
the change than before. These were particularly insistent from a few 
installations where accurate meter records of electrical power consumed 
by the shaft driving motors were kept. Jnvestigation finally disclosed 
in each instance a shifting of the shaft sections from their original 
alignment. The consequent and in several cases quite severe binding 
of the shaft at each revolution consumed considerable power. Owing 
to the very low coefficient, 0.0015, of ball-bearing friction, however, the 
additional load on the ball bearings was without evident effect and 
caused neither squealing nor even perceptible heating. Realigning 
the boxes immediately brought down the power consumption to the 
original low figure. 

6 The Bancroft or, as they are better known, the ‘Sellers’ type 
hanger, with their definitely-machined supporting screws and sections 
of spheres on the outside of the box to rock on, were not found practie- 
able with ball bearings, because these spherical sections became too flat 
with the large diameter of the box containing the ball bearing, as is 
evident from an inspection of the cross section of such a box given in 
Fig. 1. 

7 It was finally and reluctantly decided to make up and build 
hangers, general coédperation with the specialists in that line having 
been found impossible from lack of interest, reluctance to make 
changes, the usual inertia resisting innovations, etc. 

8 Many designs were laid out on paper and some were tried, but 
discarded as not responding to all of the following requirements of an 
ideal hanger: 

a Definite support of the box on machined seats permitting 

no shifting under load 

6 Ability of the box to swivel in all directions. 

ie c Vertical adjustability of the box within the hanger body. 

_ d@ Horizontal adjustability of the box within the hanger body. 

e Rigidity in every direction, to permit the hanger to be used ' 
as a ceiling hanger, floor stand or post hanger. 

eag Convenience of adjustment in aligning the shaft. 

; g Adaptability for countershaft hangers involving a shifter- 
arm 

h Neatness of general euttine and conformity to modern ms- 

igi chine design by substituting box sections for ribbing. 

1 The lowest cost consistent with the other requirements. 
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9 The design finally evolved is shown in Fig. 1. The box is sup- 
ported and pivoted horizontally on the ends of two screws tapped 
through the opposing sides of a yoke surrounding the box with enough 
freedom to give 1 in. of horizontal adjustment. This yoke has an 
upper and lower cylindrical stem, each turned to a running fit in the 
corresponding bore of the hanger; these stems are threaded and pro- 
vided with nuts and checknuts and allow a vertical adjustment of 2 
in. As the box can swivel horizontally in the yoke and that in turn 
veftically in the hanger the two together provide the desired universal 
swivelling freedom. 

10 The hanger body is of channel section with the flat outside. 
The central crossbar takes the weight of the box and shaft and also 
materially stiffens the hanger. The lower crossbar is cast integrally 
with the hanger body and split off in the usual way. A single bolt at 
each end serves for attachment. This bolt is a drop forged T with the 
T turned down and ball ended to fit in corresponding sockets. 

11 All of the various sizes, with the exception of the largest, which 
never comes into consideration for countershafts. are provided with 
cast-on lug with a serrated side face. To this may be bolted an arm 
of suitable length at any desired angle, to carry the usual eye guiding 
the shifter rod. 


12 The construction of the bearing box is also apparent from Fig. 
1, which shows it to consist of a central cast supporting ring bored to 

a sucking fit for the outer race of the ball bearing. ‘To the side faces 
coverplates are bolted with an oil-tight joint and where these surround 
the shaft they are provided with a cored annular groove. The side lips 
are bored g in. larger than the shaft diameter and have sharp edges. 

13. This arrangement is found to be efficient in retaining the 
lubricant and so promotes cleanliness, while also preventing the 
entrance of ordinary foreign matter. For. particularly difficult loca- 
tions, as in cement mills, the very fine floating grit is kept out by a 
double groove, the outer one of which is filled with a fairly heavy 
grease. A single charge of heavy cylinder oil or non-acid grease will 
last the average lineshaft bearing several years; and to avoid total 
neglect refilling once a year is recommended. 

14 The ball bearings are free endwise in the box. It is recom- 
mended that a lineshaft be held endwise by ordinary collars on either 
side of the central hanger so that all weaving endwise, due to expan- 
sion and contraction, settling, ete., is allowed for by the end freedom in 
the boxes. An occasional installation is found with heavy end-thrust, 
in which case the thrust is taken on one of the ball be arings by letting 


= 
} 
> 
| 
al 
a 
| 


HENRY HESS +4 537 
as 


it come up against theshoulders of the eoverplates. Unusually heavy 
thrusts are provided for by special hangers into which a collar type of 
ball bearing is built. 

15 As it is necessary to clamp the ball bearing to the shaft sothat 
the inner race cannot rotate and as commercial shafting is somewhat 
indeterminate in size, a so-called “adapter” is employed, the details 
of which are shown in Fig. 2. The adapter consists of a bush fitting 
into the bore of the inner race, which in turn is fitted with a coned split 
sleeve. This latter is driven home endwise until the whole is tightly 


¢lamped onto the shaft retaining a truly concentric setting. Unless 
there is considerable vibration, the wedging effect of the small angl> 
_of the conical bush is sufficient to prevent any loosening, but to guard 
against all contingencies a split collar is clamped onto the sleeve with 
its face close up to the face of the bearing. 
| 16 In the sectional view, Fig. 2, that part of the bearing above the 
center line appears narrower than that below, the first marked “L” 
and the latter ““M.” This indicates the relative widths of light- 
weight and medium-weight bearings. Bearings of the “L” or light- 
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weight series take less load than those of the ““M’”’ or inedium-weight 
series. For all ordinary lineshafts the light-weight series is quite suffi- 
cient; it is only for extraordinary conditions or for jackshafts, etc., that 
the medium series comesintoconsideration. A single medium bearing 
is sometimes also used in the hanger next to the main belt. 

17 The ball bearing itself is a very simple element, consisting, as is 
clear from both illustrations, of an inner race, an outer race, and a 
single row of interposed balls runningin grooves whose radius of curva- 
ture is only a few per cent larger than the ball radius. Races and 
balls are made of alloy steels (a special mixture of the carbon, chrome, 
manganese variety.) 

18 These ball bearings are the same that are regularly supplied 
for the machine industries in general. Adapters for shafting range 
from 3% in. to 3 }% in., both light and medium. As larger shafts are 
rarely of the nature of lineshafts. it is preferable to fit seats directly to 
the bearing bore without the interposition of adapters 

19 Inthe paper referred to at the outset direct measurements were 
cited showing a saving in lineshaft friction of about 35 per cent under 
proper belt tensions of 44 lb. to 57 lb. per inch width of single belt and 
correspondingly more for heavier loads. The return on the invest- 
ment was also shown to be 37 per cent per annum, taking into account 
the higher cost of the ball-bearing installation. Such higher cost is, 
however, not necessary. The initial cost may, in fact, be actually 
lower if in the original layout full advantage is taken of the possibili- 
ties of the ball bearing. The ball bearing is as safe and reliable at 600 
r.p.m. as at 200; whereas, the use of such high speed with plain bear- 
ings is beset with so many difficulties in the way of reduction of size of 
lineshaft, pulleys, drop of hangers, etc., as to take that practically out 
of consideration for the average plant. The first cost of a ball-bearing 
installation of 600 r.p.m. compares favorably with the first cost uf one 
at 200 r.p.m. on plain bearings and the full advantage of the saving to 
be derived from ball bearings may thus be realized without any extra 
investment whatsoever. 

20 In fact, the first cost of the ball-bearing equipment is quite 
likely to be less. As an example, it is fair to take a lineshaft such as 
that on which the test referred to in the former paper was made, 
but fully loaded to drive 32 machines. The installation elements that 
vary with the shaft speed are the shaft diameters, pulley diameters. 
hanger sini belt widths and countershaft-driven pulleys. 
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_ - The net cost of the installation material for the slow 
_ : speed shaft of 200 r.p.m. on plain bearings trans- 

The net cost of the alternate installation for the 
high-speed shuft of 600 r.p.m. on ball bearingsis 441.87 
The saving in first cost of material amounting to 21 

See Appendix for details. 

21 The lineshaft bearing friction saving, based on an average 
coefficient of friction and confirmed by the series of tests cited in the 
previous paper, is 0.78 kw. or 2340 kw-hr. for a year of 3000 working 
hours and worth, at 3 cents per kw-hr., $70.20: secured by an instal- 
lation 21 per cent lower in initial cost. See the Appendix for further 


details. 
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COST OF PLAIN-BEARING SLOW-SPEED LINESHAFT MATERIAL 


22 Shaft 200 r.p.m. in ring-oiling boxes, transmitting 40 h.p., driving 32 
countershafts, one belt to each countershaft, 8 ft. to countershaft centers, 
countershafts 300 r.p.m. 


10 hangers, 16-in. drop, ring-oiling babbitted boxes, net cost.......... $53 .63 

1 main pulley, 40-in. x 124-in. double belt 

4 line pulleys 15-in. x 6-in. single belt 4 counterpulleys 10-in. x 63-in. 

83-in. x 4}-in. single belt 4counterpulleys 6-in. x 44-in. 

10-in. x 4-in. double belt 4 counterpulleys 6}-in. x 43-in. 
9}-in. x 5}-in. single belt 4 counterpulleys 64-in. x 5}-in. 
93-in. x 7%-in. double belt 4 counterpulleys 6}-in. x7 
8f-in. x 4}-in. single belt 4counterpulleys 6-in. 

10-in. x 43-in. double belt 4counterpulleys 7-in. 

12}-in. x 44-in. single belt 4counterpulleys §8-in. 

Net cost 


. 12-in. double belt 


3-in. single belt 

3-in. double belt bd 
4-in. double belt stab 


Net cost 


2;%-in. lineshaft 


23 Shaft 600 r.p.m. in Hess-Bright medium series ball bearings, transmitting 
40 h.p., driving 32 countershafts, one belt to each countershaft, 8 ft. to counter- 
shaft centers, countershafts 300 r.p.m. Lineshaft pulleys reduced in diameter 
by approximately one-half and the driven countershaft pulleys increased in 
diameter by approximately one-half; belts decreased in width in correspond- 
ence with the increased belt speed (ft. per min.); lineshaft decreased in 
diameter proportionately to increased speed (r.p.m.); under both conditions 
safe for 60 h.p. according to catalog ratings. Hanger decreased in drop to 10 
in., rather more than the diameter of largest counterdriving pulley would 
require. Belts 50 lb. per inch width, single. 
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line pulleys 74-in. 
tline pulleys 6-in. 
4 line pulleys 5-in. 
4 line pulleys 
4 line pulleys 
4 line pulleys 
4 line pulleys 
4 line pulleys 


20-ft. 6 -in. 
240-ft. 2 -in. 
240-ft. 14-in. 
80-ft. 24-in. 
80-ft. 23-in. 


single 
single 
single 
single 


72-ft. 144-in. 


_ 24 Inthe Author’s paper on Lineshaft Efficiency, published in Transactions, 
Vol. 31, Par. 32, is given: 
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5-in. 
5-in. 
6-in. 
5-in. 
8-in. 


x 64-in. 
x 4}-in. 
x 34-in. 
x 2}-in. 


x 23-in 


double belt 


belt 
belt 
belt 
belt 


lineshaft 
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10 hangers, 10-in. drop, medium weight ball bearings, net cost..... 
1 main pulley, 28-in. 


double belt 
double belt 
single belt 
single belt 


. single belt 
x 44-in. 
x 2 -in. 
x3 -in. 
x 2 -in. 


double belt 
single belt 
single belt 
single belt 


ESTIMATE OF aavine IN KILOWATTS 


= total journal load in lb. 
= shaft diameter in inches 
s = shaft speed inr.p.m. 

= coefficient of friction 
. = kilowatt friction loss 
plain = 0.0000059 9606 X X 200 x 0.03 = 0.83 
. ball bearing = 0.0000059 x 5420 k 144 x 600 x 0.0015 = 
. saving = 0.83 — 0.05 = 0.78 | 


Kw = 0.0000059 
Plain Bearings 


541 


$159.20 
4 counterpulleys 15-in. x 44-in. — 

4 counterpulleys 12-in. x 3}-in. 
4 counterpulleys 10-in. x 23-in. 
4 counterpulleys 10-in. x 23-in. 
4 counterpulleys 10-in. x 43- “in. 
4 counterpulleys 12-in. 
4 counterpulleys 10-in. 
4 counterpulleys 16-in. 


Total net cost.. 


Ball Bearings 


9606 420 

2;,-in. 

200 600 
0.03 0.0015 
0.83 0.05 
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DISCUSSION 


Frank B. Giupreru. Is there any information available re- 
garding a comparison of the manner in which concrete buildings and 
so-called mill buildings affect ball bearings? Nearly all engineers 
practicing in the construction of concrete buildings believe that the 
lack of vibration in this type of building lowers the cost of maintenance 
of lineshafting, hangers, bearings, and similar machinery. 


CHARLES WuiTING Baker. One argument against concrete build- 
ings is that the dust raised is injurious to the working parts of machin- 
ery. It would be interesting to know whether ball bearings will 
stand that dust better than plain bearings. 

Where it is desired to dispense with lubricants, at least so that 
there shall be no dripping, does the ball-bearing lineshaft solve the 
difficulty? 


FrRaNK B. Giupreta. If the point about dust in concrete build- 
ings is to be raised, they should be separated into two classes, those 
with wooden floors and those with concrete floors. There cannot be 
any dust in a concrete building with a wooden floor. 

I would like to know what method is best in a concrete building 
for holding a lineshaft hanger to the ceiling; not only a ceiling with 
ribs, but also of the flat type. Hangers are usually of two types, 
those that can be located before the building is erected and those 
put in afterward. Concrete men have studied that subject a great 
deal but do not feel that they know the needs of the hanger men or 
of the bearing men. ee 


F. W. Dean. It is quite evident that wooden mill lai 
have the shafting lined up frequently to get minimum friction, but 
a concrete building is supposed to preserve its alignment after it is 
finished and set. There is great opportunity for the diminution of 
friction in mills. It is not always a question of bearings, but some- 
times of the arrangement of driving machinery. In a mill where the 
friction load was 42 per cent of the running load, an examination 
showed that it was due to a great number of quarter-turn belts. 
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G. N. Van Deruoer. In Par. 4 Mr. Hess referred to the early 
type of hanger with ball-and-socket plunger screws and mentioned 
the stress of modern conditions as leading up to modern hangers 
with very little machine work. These conditions may have had 
some bearing, but experience hus shown that extensive machine 
work is not necessary. Carefully fitted machine parts at the end of 
the plunger screw are unnecessary because the vibration of the shafting 
will level the bearing. After the box is in its proper position, it will 
stay there until the settlement of the building requires realigning of 
the shaft. With the ordinary hanger box, the pressure required at the 
end to bring it into position is very slight. Accurate machine 
seats, however, are proper and an absolute necessity in the case of 
ball bearings, where a single row of balls is used, because there is no 
leverage, the balls being in direct line with the plungers. The fric- 
tion must be reduced to almost nothing or the bearing will tend to 
cramp on the shaft. 

In his list of desirable features for hangers, Mr. Hess mentions 
horizontal adjustability of the box within the hanger body. This 
is rather a mooted question on which are two widely different beliefs. 
One is that the box itself should move across the hanger or frame and 
the other is that the hanger body itself should be used as the movable 
body. Anyone who designs a four-point hanger will soon find diffi- 
culties in moving the box across the frame without introducing com- 
plications. 

In regard to neatness of general outline and conformity to 
modern machine design by substituting box sections for ribbing, 
neatness is desirable, but the substitution of box sections for ribbing 
is unimportant. The amount of metal necessary in any cast-iron 
hanger frame to take care of vibration enables almost any shape to 
be used which will have the requisite strength. It is rare for any cast- 
iron hanger to break under load. 

Fig. 1 shows the box itself carried by screws at the side, a con- 
struction similar to that in what is commonly known as the Boston 
hanger, which has been used for a great many years in the eastern 
part of this country. The defect of this type is that it carries the 
weight of the box directly upon the side screws and its swiveling in 
that way is hard on such small bearings. To get horizontal adjust- 
ment the box must be shifted out of the center line of the vertical 
plunger screws, which is bad practice; or the vertical plunger screws 
must be shifted at the same time as the box. If the vertical plunger 

screws are left in a fixed position the center of the box is shifted out 
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of its correct location in line with the axis of the main screws. If the 
screws are shifted they must all be loosened and tightened up again 
every time the box is shifted sideways, Even then it is likely to be 
out of line vertically. Mr. Hess has approximated the solution of 
the problem by using a great deal of machine work and it is really 
necessary if these complicated adjustments are wanted. This type 
of hanger frame is needlessly expensive for ordinary conditions. 
Mr. Hess mentions the advantage of running a shaft at high 
speed, say 600 r.p.m., and makes the statement that a shaft with 
ball bearings can be run at a higher speed than a shaft with plain 
bearings, but not long ago I saw a number of shafts 80 to 100 ft. long 
and about 2 11/16 in. in diameter, with plain bearings, running 
successfully at 700 r.p.m. The shafting and hangers were ordinary 
materials bought out of stock, without the seller knowing anything 
about the speed at which they were to run. a? 


HARRINGTON Emerson. For miscellaneous and scattered shops 
the power plant which is dependent on coal, cheapest to install and 
maintain, as well as cheapest and most reliable to operate, consists of: 

a_ A gas-producer plant near a side track. 


al, b Gas transmission by mains. 
a ce Individual gas engines on main lineshafts running 400 to 
600 r.p.m. 


d Leather belt transmission to jackshafts and machines. 
_ I therefore welcome ball bearings on lineshafts as an important 
aid to this form of power transmission. I much prefer the instal- 
lation outlined to turbo-electrical generation, wire transmission and 
motor drives. 


Tue Autuor. If the dust from a concrete building is allowed to 
get into ball bearings they will be destroyed just as any other bear- 
ing would be under these conditions. The problem is to keep the 
dust out, and in the case of ball bearings it is an exceedingly simple 
matter to keep foreign matter out and the lubrication in under the 
most adverse conditions. This is done by extending the bearing 
box on each side enough to allow for two additional grooves in addi- 
tion to the one usually employed. The two outer grooves prevent 
the dust from getting to the bearing and the third or inner groove 
traps the oil or other lubricant and drains it back to the bearing. 
Even in a marble plant, where the dust is considerable in amount 
and a more efficient cutting material than emery, no trouble has 
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been experienced with ball bearings and the lubricant is renewed 
but once each year. The same device has been successfully em- 
ployed in submarine dredges under a 40-ft. head of water to keep 
the water out of the bearing and to prevent loss of the lubricant. 

The Thompson Meter Company in Brooklyn occupies a con- 
crete building and is equipped throughout with ball bearings with 
no trouble from the concrete dust. Even in mills where there is a 
considerable quantity of lint floating in the atmosphere it never gets 
into the bearings. 

Ball bearings were first applied to steam railroad passenger cars 
in Europe and the first cars have now run over 600,000 miles. They 
were originally charged with pale yellow vaseline and after they 
had run 140,000 miles I found it still pale yellow in color. This 
indicates that there has been no deterioration in the lubricant and 
that the closure of the bearings was effective. 

Regarding Mr. Jackson’s question as to the advantages of ball 
bearings at high speed, it is manifest that the plain bearing with 
heavy load is much more difficult to lubricate and must be more 
carefully looked after to insure sufficient lubrication than is neces- 
sary with the ball bearing. There is a general impression that the 
ball bearing may be run without any lubrication whatever, but 
this is not true. If they could be made of absolutely incompressible 
material and absolutely true balls and races could be produced they 
would probably need no lubrication. Furthermore, with high-speed 
lineshafting using either plain or ball bearings, smaller pulleys can 
be employed, requiring a smaller drop in the hangers. The loads 
on the bearings are therefore lighter and the belts are narrower and 
less expensive. 

The ball bearing which is loaded to three or four times its 
rated capacity will show a slight heating, hardly noticeable to the 
touch. The amount of excess pressure put upon such a bearing by 
a large shaft that has gotten out of alignment is too small to show 
itself by heating. In fact, one of the troubles with users of ball 
hearings, particularly where thrust bearings are used, is the failure 
to realize that the friction is so little that even when the bearing is 
greatly overloaded that fact does not manifest itself in greatly 
increased resistance, as is the case with plain bearings. A bearing 
which is so overloaded that it shows additional resistance to turn- 
ing or an appreciable rise in temperature is so seriously overloaded 
tat it will soon be destroyed. 

The question as to the relative frequency of alignment in mill 
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buildings and the more rigid concrete buildings carries its own answer; 
the more rigid a building the less frequently will it be necessary to- 
realign. When the building moves, the bearings have to be re- 
aligned. The difference between plain and ball bearings is that the 
former, in case of a considerable shift, will squeal and require atten- 
tion, while the latter remains quiet, does not heat and its life is not 
even affected, because it has a sufficient margin to take care of such 
overloads. Nevertheless, such shifting should not be neglected 
because the work done in bending the lineshaft has to be paid for 
as power consumed. The proper thing to do is to put bearings in 
a hanger in which they cannot shift and thereby realize the benefits 
of rigid hangers and bearings. 

The mill mentioned by Mr. Dean as having a 40 per cent friction 
load was probably a textile mill. In such mills the power is so 
large an element of the total cost that it is usually looked after 
very carefully. The shafting is generally well aligned, the hangers, 
bearings, etc., all receive close attention and frequent oiling, and 
consequently the best results as to low friction losses. In most 
industries a totally different state of affairs prevails. In machine 
shops, for instance, the friction load of lineshafting and counter- 
shafting almost always exceeds 50 per cent, and in many cases 
it is as high as 65 and 70 per cent. In the Utica plant referred to, 
the substitution of ball bearings for plain bearings would have re- 
duced the friction losses 60 to 90 per cent. 

It has been stated that lineshafts with plain bearings were 
running satisfactorily at 700 r.p.m. There is no reason why such 
shafts cannot be run at 1700 r.p.m. except for the necessity of far 
greater care in maintenance and the relative friction loss. The ball- 
bearing lineshaft can be run at 600 r.p.m. without attention from 
one year’s end to another; it is not even necessary to realign it, 
except for the power loss in bending the shaft. The limit of speed 
is not set for the ball-bearing lineshaft by the bearing, but by the 
requirements of the machine to be driven. In many cases they run 
at 17,000 r.p.m., but 600 r.p.m. is about the highest practicable for 
the average machine shop countershafts, where the pulleys must 
not be too small to secure sufficient belt contact. 

The point was raised against the type of hanger described in 
the paper that when the box is shifted from the center of the hanger 
in the realigning, the shaft is out of line with a vertical drawn throug): 
its two supports. If the belts from the lineshaft were running 
vertically downward, the argument would be a valid one, and ii 
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such a case it would be desirable to have the bearing centered in its 
support and coincident with the line of belt pull. Ninety-nine per 
cent of the belts, however, are run much more nearly horizontal 
than in any other direction. Those that do not run absolutely 
horizontal runs at some angle, usually but slightly deviating. This 
puts the pull in line with the horizontal support of the box and normal 
to the vertical supports. Therefore a cross-aligning movement of 
the box is of no moment. The principal requirement is that the 
hanger be sufficiently stiff. In the one described in the paper the 
yoke is of cast iron and the two vertical members cast with it have a 
considerable diameter and therefore sufficient stiffness 
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AL ANALYSIS OF 
CLUTCH-COUPLING 
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KXPERIMENT A FRICTION 
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The following series of experiments was recently made to determine 
the results from the application of a known force at the end of the 
shifter lever of a friction clutch-coupling. Several 24-in., four-jaw 
friction clutch-couplings were used. They were the stock couplings 
_made by the Falls Rivet & Machine Company, of Cuyahoga Falls, O. 
They consisted of the usual shifter lever, fork, yoke and cone, sliding 
on the driving shaft. The clutch arm G, Fig. 1, was a heavy casting 
keyed to the shaft. Guide surfaces H were machined in each arm 
of the casting G, in which slid the inner jaws J and the outer jaws J. 
ach of the four pairs of jaws I and J was connected by pins K to the 
wedge-block L, which was fulerumed at its center M in the elutch- 
arm casting. The wedge-blocks L carried adjustable steel wedges 
N, whose inner ends O engaged the short and hardened ends P of the 
conc levers Q, and whose longer ends R were operated through the 
double links F’ by the sliding cone £. The inner and outer jaws 
engaged the annular ring S which was keyed to the driven shaft. 
This ring was 24 in. external diameter and 23 in. internal diameter. 
The eight jaws were each lined with a maple block 24 in. by 9 in. 
in size. 

2 The tests included five lines of investigation: 
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First: To determine the forces required to throw in the shifter 
_ lever at different speeds when the clutch was in motion 
_ and when the clutch was at rest, and before and after the 
_ load had caused the clutch to slip on the ring. 

‘Second: With different adjustments of the wedges, to deter- 
mine the relation of the forzes applied at the end of the 
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shifter lever at different points in its motion and the cor- 
responding axial forces, to the forees caused thereby 
to be exerted by the clutch shoes upon the ring of the 
clutch pulley. 

Third: To determine the frictional resistances between the 
clutch shoes and the ring of the clutch-coupling, in motion 
and at rest under different loads. 

Fourth: To determine the power transmitted for different 
= adjustments of the wedges corresponding to different 
forces required to throw in the shifter lever, including the 


in, 


Fie. 1 Haur Secrion or Friction 


maximum power which the clutch was capable of trans- 
mitting, and the maximum power which it was capable 
of picking up from rest. 

Fifth: To determine the relation of the maximum forces 
applied at the end of the shifter lever, and the correspond- 
ing axial forces, to the maximum power transmitted by 


-——— two-arm and four-arm clutches for the same adjustment 
of the wedges. 


3 To make these tests, two machines were designed and con- 


structed, as. follows. 
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DYNAMIC CLUTCH-TESTING MACHINE 


1 To determine the maximum power which a clutch was capable 
_of transmitting when the load was either gradually applied or picked 
up from rest, the dynamic clutch-testing machine, Fig. 2, was used. 
‘It consisted of floor-stands U, two co-axial shafts D and 7, 34’, in 
in diameter, and a large belt pulley V on the end of the driving shaft 
_D, to which power was delivered. The clutch-coupling G was placed 
near the middle at the junction of the two shafts. The coupling was 
_ keyed to the driving shaft D, and the clutch-ring S was keyed to the 
driven shaft 7. On the opposite end of the driven shaft the brake 
pulley W was keyed. The shifter-lever A was operated in a hori- 
zontal plane. The motions required to throw in the clutch-cone EL 
were measured. The lever A was operated by hand power, or by 
screw power B, from behind a screen Y made of planks and used for 
the protection of the persons engaged in the test. There was a hori- 
-gontal slit in it for the motion of the lever. 

5 To measure the force exerted on the end of the shifter lever, a 
calibrated spring-balance X was used. It was of 300-lb. capacity, 
and was graduated by 5-lb. divisions. 

6 The power wasabsorbed by a prony brake Z from the internally- 
flanged, flat-faced pulley W, 48 in. in diameter, and 24 in. face. The 
length of the brake arm Z was 72; in. The brake constant was 
0.001,145 b.h.p. per Ib. per revolution. The effort exerted by the 
brake beam was measured by a platform scale C of 2000 lb. capacity. 
The leverage of the shifter lever A, when normal to the shaft D, was 
4.939 in the dynamic clutch-testing machine. It is to be regretted 
that the power available was not sufficient to keep the speed uniform 
at 100 r.p.m., and for this reason the machinery slowed down to 92 
r.p.m. under the heaviest loads. 


STATIC CLUTCH-TESTING APPARATUS 
> 


7 In order to determine the force with which the shoes pressed — 
against the clutch ring when a given maximum force was required to 
throw the shifter lever into operation, a static clutch-testing 
apparatus, Fig.3, was used. It consisted of a clutch arm G mounted 
on a vertical shaft D supported in a flange coupling fixed to a struc- 
tural steel framea. Only the two opposite arms of the clutch were 
used in this apparatus. The inner jaws were removed. The shoes 


of the two outer jaws J were caused to press upon a dummy 
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ring made up of two separate cast-iron segments b. [Each of these 
segments was connected by the links C to the yoke d, which in turn 
was connected through turnbuckle e to an eye carrying double knife 

edges f, which engaged the short and vertical end g of a bell-crank 
lever fulerumed on a knife edge A in the frame a of the apparatus. To 
the longer and horizontal arm 7 of the bell-crank lever was knuckled 

a vertical prop 7, the lower end of which was conical and which bore 

in a center-punch mark made in an iron bar resting upon a platform 
scale k, of 600 lb. capacity. The ratio of the arms was seven. Two 
platform scales were used, one for each dummy ring segment. 

8 The parts of the mechanism were adjusted so that the knife 
edges were kept in position and bore fairly. The ring segments were 
so located that their external diameter was 24 in., or the same as the 
clutch ring. This was done by means of the turnbuckles. When 
the ring segments were in this position the wedges were adjusted to 

_ make the maple shoes bear evenly. The shifter lever was thrown in 

by screw power B and the force so required was measured frequently 
at definite intervals which were determined by measuring the dis- 
tances which the cone E had been moved from its original position. 
The leverage of the shifter lever A, when normal to the shaft, was 

4.863 to 1 in this apparatus. 

9 In using the dynamic clutch-testing machine, the maple shoes 
were first adjusted by means of the wedge nuts so that they bore 
evenly. They were then burned in by driving the shaft D and the 
coupling G while the ring S was prevented from rotating. The 
wedge nuts were then adjusted again to make the shoes of both 
outer and inner jaws bear evenly on the ring when the shifter lever 
was thrown in. 

10 This adjustment was tested by means of 16 copper strips, 4 
in. wide, 0.002 in. in thickness, one used at each end of each shoe. 
If the shoes did not bear evenly, or at least as well as they are sup- 
posed usually to do in ordinary good millwright’s practice, the wedge 
nuts were screwed up, the ring blocked from rotating, the lever 
thrown in, and the shoes again burned in. By this means fairly uni- 
form results and even pressures were obtained between the eight 
shoes and the ring. With the shifter lever thrown in and the copper 
strips just capable of being pulled out by hand, the counting of the 
rotations of the wedge nuts was begun. Similar adjustments were 
nade on the static clutch-testing apparatus, except that the shoes had 
een surfaced but not burned in. 


11 In the tests, the wedge nuts were all serewed up, one turn or — 
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less at a time, and the tests made, then another turn, and so on. 
When the shifter lever A was thrown in by hand power, a man applied 
his muscular effort to the spring balance X on the end of the lever; 
_when it was thrown in by screw power, the tail-nut B was rotated. 
The spring balance had a maximum indicator besides the usual one. 
‘The motions of the cone E of the different couplings tested varied 
from 4 in. to 44 in. Readings of the spring balance were usually 
taken for each 3-in. or 3-in. motion of the cone. 


FIRST SERIES OF TESTS — oo 


12 These were made to determine the forces required to throw in 
the shifter lever at different speeds, when the clutch was in motion 
-and when the clutch was at rest, and before and after the load had 
caused the clutch to slip on the ring. 

13 Tests G, H, I, and M were made on the dynamic elutch-test- 
ing machine. The forces required to throw in the shifter lever by 
-serew power and by hand power when the shafts were at rest were 
first determined, the machine then started up, and the brake tightened 
until the clutch-coupling slipped on its ring. The brake was then 
loosened and another test made with the result that less power was 
transmitted. The wedge nuts were then tightened and the forces 
required to throw in the shifter lever were measured one or more 
times and the test contained, as given in Tables l and la. In Tests 
-M, Table la, readings of the forces required to throw in the 
shifter lever were taken both when the shafts were at rest and when 
they were in motion. The shifter lever was thrown in several times 
-and the power determined for a fixed setting of the brake nuts. 
‘These were then tightened, and another set of four or more readings 
taken of the force required to throw in the shifter lever by hand 
‘power when the shaft was in motion. 

14 With the wedge nuts screwed up two and one-half turns it 
required a maximum of 70 Ib. to throw in the shifter lever by screw 
power, Immediately thereafter it required maxima of 55 lb. on the 
first trial, 45 lb. on the second trial, and 43 Ib. on the third trial, to 
throw in the shifter lever by a steady pull by hand power. This 
shows that the force required to throw in the shifter lever by hand 
_ power was much less than by screw power. While this was partly 
due to the friction of rest being greater than the friction of motion, 
it was also partly due to the various parts of the clutch adjusting 
themselves to the conditions after one or two engagements of the 
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shoes with the ring. This has been frequently noted in practice in 
the shop. 

15 With the same adjustment of the wedges, the clutch slipped 
when transmitting 84.6, 71.1, and 65.0 h.p., on the first, second, and 
third sets of trials. This reduction in the brake load shows the effect 
of wear of the clutch shoes due to the slipping on the ring. This was 
also indicated by the fact that it required a maximum of only 31 |b. 
to throw in the shifter lever by hand power after the test. 


TABLE 1 FORCES REQUIRED TO THROW IN SHIFTER LEVER AND HORSE- 
POWER TRANSMITTED 


Dynamic MaAcHINE 


CORRESPONDING 
Max. Force RequirRep To 
AXIAL PRESSURF, GRADUALLY 
Turow in LEVER WITH = 
Wedges Distance Snart at Rest By 
Set Up From By 
Turns Start Net 
ve 
Scre Rev. 
Hand Ratio Brake Horse 
Power ower ower Load 
TestsG 24-in., Four-Arm, Solid Clutch-Coupling 
3.5 2.5 103 91 0.883 509 450 1185 92 124.8 
Tests 24-in., T'wo-Arm, Solid Clutch-Coupling 
3.5 2.5 GP 471 96 51.8 
491 96 54.0 
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TABLE 1—Continued 


CORRESPONDING 
Max. Force Requirep To 
AXIAL Pressure. GRADUALLY APPLIED 
Wedges Distance at Rest 
By 
Set up From Br 
Turns Start Net 
| Screw Hand Ratio S¢rew Hand prake pores 
| 1 Power Power Power Power Load Min. Power 
= 
Tests I 24-in., Four-Arm, Split Clutch-Coupling 
3.5 85 65 0.76 420 321 
4.5 2.25 133 99 0.74 657 489 
sla 100 494 1216 94 130.9 
4.5 2.00 179 139 0.78 884 
117 578 1371 93 146.0 
Equivalent horsepower at 100 r.p.m................. 100 157.0 


t After test and after slipping. Reduction in b.h.p. shows effect of wear of shoes. 


16 After two more sets of trials with tighter adjustments of the 
wedges, 130.9 h.p. was transmitted at 94 r.p.m. 

17 With the wedge nuts screwed up four and one-half turns, it 
required a maximum of 179 lb. to throw in the shifter lever by screw 
power, and of 119 lb. to throw it in by a steady pull by hand, corre- 
sponding to 884 lb. and 588 lb. respectively, of axial thrust. Under 
these conditions, when transmitting 146 h.p. at 93 r.p.m., the split 
cluteh broke. This corresponds to 157 b.h.p. for a speed of 100 
r.p.m., and is 78.5 per cent of the breaking load carried by the 
four-arm solid clutch. 

18 From Tests G and I, Table 1, it will be secn that the force 
required to throw the shifter lever in by a steady pull by hand power, 
the first time, varied from a minimum of 66.5 per cent to a maximum 
of 88.3 per cent, averaging about 76.8 per cent of the force required 
to throw in the shifter lever by screw power; and that the force 
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TABLE la FORCES REQUIRED TO THROW IN SHIFTER LEVER AND PICKUP 
LOAD 


Max. Force ReQuirep To 
Turow IN SHIFTER LEVER. 


Pick-up Loaps 
CORRESPONDING AXIAL 


Pressure. 
SHAFT 
AT Rest In Motion 


Wedges SuHarr 
Set Up at Rest IN Motion 
Turns 


Net 


Actual 
Brake Load 


Screw Hand Hand 
Power Power Power 


Screw Hand Hand 


Ratio 
Power Power Power 


Number of Trials 
Estimated 
Equivalent 


Brake Horse- 


Tests M 24-in. Four-Arm, Solid Clutch-Coupling 


required to throw in the shifter lever by hand power, after the test, 
varied from 44.3 per cent to 64.6 per cent, averaging 54.5 per cent of 
the force required to throw in the shifter lever by serew power before 
the test. From Tests I, the ratio of the forees required to throw in 
the shifter lever by hand power, before and after the tests, varicd 
from 31/45 = 68.8 per cent to 54/66 = 81.8 per cent. It is to be 
noted that when the four-arm solid clutch broke, when transmitting 
187.8 h.p., its wedges had been adjusted so that it required a maxi- 
mum of 114 lb. to throw in the shifter lever by screw power, corre- 
sponding to a maximum of 563 lb. axial thrust. With the same axial 
thrust applied, the 24-in. two-arm clutch slipped when transmitting 
79.9 h.p., or only 42.5 per cent thereof. 

19 Tests L, Table 2, were made on the static clutch-testing 
apparatus. They give the forces required to throw in the shifter lever 
by screw power and by hand power. The ratios are higher than 
those given in Table 1 because there was no intermediate starting up, 
slipping and wearing of the clutch shoes. The last two tests were 
made with only one jaw in service, the other being disconnected. 

20 From these tests it will be seen that the force required to 
throw in the shifter lever slowly and steadily by hand power averages 
on the static apparatus 88 per cent and on the dynamic machine 
about 79 per cent of that required to throw it in by screw power: 
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that this ratio is reduced to about 0.68 by repeated trials of the 
mechanism when at rest; that the ratio of the forces required to 
throw in the shifter lever when the shafts are in motion and are at 
rest varies from 0.91 to 0.87 according to the number of slippings of 
the clutch on its ring, and may be reduced even to 0.67 after several 
slippings. 


TABLE 2 TESTS L FORCES REQUIRED TO THROW IN SHIFTER LEVER, AND 
PRESSURES EXERTED BY CLUTCH-SHOES ON CLUTCH-RING 


‘Tests on Sratic APPARATUS. 24-1N., Four-Arm, Soutip 
Usinec Two Outer Jaws 


CorRRE- 
Max. Force Net PLATFORM AcTuaL SHOE PRESSURES 

a REQUIRED TO ScaLe ReEapINGs CORRESPONDING TO MaxiI- 

THROW IN > CoRRESPONDING TO MUM Force. Lever Ratio=7 ~ 

PRESSURE © 

- Surrrer Lever sag 

BY Reet TO THKOW aL 
3 & BY COLUMN 3 MAX. NET ON BHOES ON 20 
IN LEVER SHOES Oc 

Sea 


4 # «29 0.88 160 141 125 0utof 277... 
Ye 52 48, 0.92 253 233 180service 304.... 1260... . 2758 


Maximum force required to throw in shifter lever acting on outer jaw of only one arm: 


By hand-power, suddenly, or by 55 Ib. 


SECOND SERIES OF TESTS 


_ 21 The series was made to determine with different adjustments 
of the wedges the relation of the forces applied at the end of the 
shifter lever at different points in its motion and the corresponding 
axial forces, to the forces caused thereby to be exerted by the clutch 
‘shoes upon the ring of the clutch-pulley. 


| 

| 
3 ly) 044....)..... 214.... 150 160 263 271 1050 1120 1841 1897 3738 85 4 
4 ly 59 51 O.86 287 246 179 192 330 339 1253 1344 2310 2373 4683 79 
5 68 «0.86 374 331 207 225 400 409 1449 1575 2800 2863 5663 74 
6 ik 85 77 0.91 413 374 226 234 417 419 1582 1638 2919 2933 5852 69 
i 
- % 97 90 0.92 472 435 203 216 453 460 1421 1512 3171 3220 6391 66 
7 iv 134 109 0.81 652 530 227 252 535 544 1589 1764 3745 3808 7553 56 7 
“2 it 110 100 0.91 535 486 249 261 500 504 1743 1827 3500 3528 7028 64 y 
- 8 Ys 157, 134 0.86 763 652 289 310 594 600 2023 2170 4158 4200 8358 53 : 
= 
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TABLE 3 TESTS L FORCES REQUIRED TO THROW IN SHIFTER LEVER AND 
CORRESPONDING PRESSURES EXERTED ON PLATFORM SCALES 


Tests on Static APPARATUS. 24-IN., Four-ArM, Souip 
Usinc Onrty Two Jaws 


Distance Corresponding Net 
Cone is Corrected Spring-Bal- Platform Scale 
Moved Readings of Forces Readings 
ae Exerted at End of 
Shifter-Lever 
Inches West East 
a 18 8 12 
43 | 55 65 
* 53 102 116 
# 57 144 159° 
ly 59 179 192 
1 58 209 299 
ly 235 248 
ltt 51 256 269 
48 271 287 
430 290 304 
2% 38 303 314 
2H 312 32302 
32 318 330 
260 321 335 
23 326 337 
3H 16 328 339 
at 8 330 339 


* Maximum Force required to throw in shifter-lever 
+ Maximum pressure on shoes, 


— 


22 Table 2 gives the results of the tests with the static apparatus. 
The maximum forces required to throw in the shifter lever by screw 
power and by hand power, and their ratio, the corresponding 
axial pressures, the corresponding net platform-scale readings, and 
the actual shoe-pressure readings for these two maxima, are given. 
“W” and “E” mean “west” and “east” and refer to the relative 
positions of the two scales on the left and right-hand sides respec- 
tively, as in Fig. 3. 

23 Comparing the figures in the last column, which give the ratio 
of the sum of the maximum actual shoe pressures to the maximum 
force required to throw in the shifter lever, it is seen that the force 
ratio varies from 85 for three turns of the wedge nuts to 53 for eight 
turns of these nuts, with an average of 68. This shows that the 
efficiency is much greater under the lesser pressures. 

24 The two tests at seven turns show the effect of compression 
in the form of set, not only on the shoes but on the various parts and 
joints of the clutch, 
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TABLE 4 TESTS F FORCES REQUIRED TO THROW IN SHIFTER LEVER, AND 
HORSEPOWER TRANSMITTED 


Tests on Dynamic Macuine. 24-1n., Four-Arm, Souip 


Max. Force Re- GRADUALLY APPLIED 
Dis- quired to Throw Corresponding Loaps. 
Wedges Set Up, Turns t2C€ jn Shifter Lever, Axial Pressure, . 
From Shaft at Rest Shaft at Rest Net Rev. Brake 
Start , Brake per Horse- 
By Screw-Power By Screw-Power Load Min. Power 
a 51 252 556 90 57.3 
One moreturn......... 24” 97 479 1112 92 117.1 
One moreturn......... 114 563 1665 94 179.2 
1745 94 187.8 
Equivalent horsepower at 100 100 «199.8 


25 The following statements are deduced from the results of this 
series of tests: 


~ 


The average ratio of the maximum forces required to throw 

a in the shifter lever with one and two jaws was 0.55. 

The average ratio of the corresponding forces exerted on the 
ring with one and two outer jaws, counting the forces 
exerted by only one jaw in each case, was 0.79. 

__e¢ The average ratio of the corresponding forces exerted on the 
eo ring with one and two outer jaws, counting the forces 
=i exerted by both the jaws, was 0.38. 

The average ratio of the maximum forces exerted on the 


a ring with one and two outer jaws, counting the forces 


exerted by only one jaw in each case, was 0.85. 

_ e The average ratio of the maximum forces exerted on the ring 
with one and two outer jaws, counting the forces exerted 
by both the jaws, was 0.42. 

_ f In other words, 55 per cent of the force applied at the shifter 
ss lever produced only 38 per cent as much corresponding 
ss force exerted on the ring, and only 42 per cent as much 
sof the maximum force exerted on the ring, for one jaw 
ss gather than two jaws. This was doubtless due to the 
nae oe inequality of the pressures exerted when only one arm was 
an use, and shows the desirability of so adjusting the wedges 


of the opposite arms that the shoes bear equally. 
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26 Table 3 shows the relation of the motion of the cone to the 
maximum force required to be applied at the end of the shifter lever 
and to the forces exerted by the clutch shoes upon the dummy ring- 
segments in Tests L, and is a fair sample showing that the maximum 
force exerted on the shifter lever does not produce the maximum 
force exerted on the clutch shoes. 


TABLE 5 TESTS N FORCES REQUIRED TO THROW IN SHIFTER LEVER, AND 
HORSEPOWER TRANSMITTED WITH GRADUALLY APPLIED AND PICK-UP 
LOADS 


Tests ON Dynamic CLuTCH-TEsTING MACHINE 24-1N., Four-Arm, 


Maximum 
Force Re- Correspond- GRADUALLY SubppENLY APPLIED 
Wedges quired to ing Axial APPLieD Loaps 
Set Distance ‘Throw in Pressure, ree 
Up, From Lever, 
Turns ‘Start Shaftat Rest Shaftat Rest Net Rev. Brake Net Rev. Brake 
By By Brake per Horse- Brake per Horse- 
Screw-Power Loud Min. Power Load Min. Power 
2.5 53 | 263 71l 96 78.2 471 06 51.8 
2.75 43 | 212° 
2.25 90 445 1035 92 109.0 471 98 52.9 
2.5 58 286* 
2.25 125 617 606 96 66.6 491 98 55.1 
606 96 (66.6 561 96 61.7 
746 94 80.5 28 $5 68.3 
en 621 93 66.1 981 91 102.2 
986 91 102.7 
Equivalent horsepower at 100 r.p.m........ 100 


* After slipping three times. 


THIRD SERIES OF TESTS 


27 The third series of tests was made to determine the frictional 
resistance between the clutch shoes and the ring of the clutch-coup- 
ling in motion and at rest. 

28 For these tests, a cast-iron plate, 1}§ in. thick, 12 in. wide, 
and 36 in. long, and maple blocks 23 in. thick, 3 in. wide, and 9 in. 
long were used. The angles of inclination of the plate at which a 
block would begin to slide from rest, and at which it would continue 
to slide after being started into motion, were taken as the angles of 
friction respectively for the two cases. The horizontal forces required 
to be exerted in order to start the block from rest, and to continue 
it in motion when placed on the carefully leveled plate, were taken 
to be the natural tangents of the angles of friction respectively for the 
weights carried by the block. 
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_ 29 The smoothness of finish of the block, the uniformity and 
trueness of the bearing surface, the deflection of the plate, the cush- 
ion of air between the block and the plate, each has its effect on 
the angle of friction. 

30 The number of tests made with flat maple blocks does not 
warrant the drawing of very positive conclusions, but it would seem 
that the average frictional resistance under load was greater from rest 
than the resistance under load in motion, in the proportion of the 
tangent of 18.5 deg. to the tangent of 13.3 deg., or in the proportion 
of 0.33 to 0.24. 


FOURTH SERIES OF TESTS 


31 The next series of tests was to determine the power trans- 
mitted for different adjustments of the wedges corresponding to 
different forces required to throw in the shifter lever, including the 
maximum power which the clutch-coupling was capable of trans- 
mitting, and the maximum power which it was capable of picking 
up from rest. 

32 For these tests, the dynamic clutch-testing machine was used. 
The wedges were adjusted so that the shoes bore fairly equally. 
To determine the maximum power which the clutch-coupling was 
capable of transmitting, the wedge nuts were gradually tightened, 
and the brake screwed up either until the coupling slipped, in which 
case the wedge nuts were tightened up further, or else the clutch 
broke. Table 4 gives the results of this set of tests, from which it 
will be seen that with a maximum of 114 lb. applied by screw power 
at the end of the shifter lever, corresponding to an axial thrust of 563 
lb., when revolving at 94 r.p.m. under a net brake load of 1745 lb., 
the clutch transmitted 187.8 h.p., under which condition the clutch 
slipped, the speed varying from 94 to 98 r.p.m., and both clutch and 
ring broke. This corresponds to 199.8 b.h.p., or practically to a 
maximum of 200 b.h.p., for a speed of 100 r.p.m. 

33 Table 5 gives the results of the tests with the dynamic clutch- 
testing machine, of the forces required to throw in the shifter lever, 
and the horsepowers transmitted with gradually applied and suddenly 
applied loads. The latter are what are sometimes called pick-up 
loads. From this table it will be seen that with a net brake load of 
986 lb., when running at 91 r.p.m., the clutch picked up 102.7 h.p. 
and had it started when the clutch broke. It had just previously 
picked up 102.2 h.p. This corresponds to 112.8 maximum b.h.p. 
of pick-up load for a speed of 100 r.p.m. 
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FIFTH SERIES OF TESTS 


34 The last series was to determine the relation of the maximum 
forces applied at the end of the shifter lever and the corresponding 
axial forces, to the maximum power transmitted by two-arm and 
four-arm clutches for the same adjustment of the wedges. 

35 To perform this test on the clutch which had been tested in 
the dynamic clutch-testing machine (See Tests H of Table 1), the 
two opposite pairs of jaws were disengaged by unscrewing their 
wedge nuts, and retaining the same adjustment on the two other 
pairs of shoes. It was found that it then required a maximum of 
45 lb. to throw the shifter lever in by screw power, and that when 
revolving at 95 to 96 r.p.m. the clutch slipped at 51.8, 54.0, and 52.9 
b.h.p. respectively. When the wedges were tightened up one half 
turn further, it required a maximum of 114 lb. to throw the shifter 
lever in by serew power. When running at 95 r.p.m. the clutch 
slipped when transmitting 79.9 h.p. After the test, it required a 
maximum of only 80 lb. to throw the shifter lever in by screw power. 

36 Comparing the tests of these clutches, with four arms and two 
arms, the wedge nuts being turned up three and one-half turns in 
both cases, the horsepowers required to slip the clutch were found to 
be 124.8 and 52.9 (average of 51.8, 54.0, 52.9). This would seem to 
show that the two-arm clutch transmitted only 44 per cent as much 
power as would the same clutch with four arms for the same adjust- 
ment of the wedges. As the axial thrusts, however, were in the same 
proportion, 103 to 45, it would seem as though the horsepowers trans- 
mitted were directly proportional to the number of arms, whether 
two or four, and to the forces required to throw the shifter lever 
in by screw power, and therefore to the axial thrusts. No tests were 
made with six-arm clutches. 


CONCLUSIONS 
37 Applying the deductions of Tests L, Table 2, to Tests F, Table 


4, we may say 


” A That at 100 r.p.m., with the shoes properly burned in and 


‘ve the wedges adjusted so as to give equal pressures between 
seach of the eight shoes and the ring, and with no excessive 
show lost motion between the jaws and their guides in the 


clutch-arm casting, a 24-in. four-arm solid clutch and 
ring will probably break: 


q 
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When transmitting 200 h.p., if gradually applied. 
’ b When attempting to pick up a load exceeding 110 h.p. 
7 B That to do so will require: 
a A maximum force of between 100 lb. and 115 lb., applied 
at the shifter lever for a leverage of five. 
b A maximum axial foree or thrust on the collar of between 
500 Ib, and 600 Ib. 
i ec A combined maximum pressure of the eight shoes on the 
clutch ring of between 7500 lb. and 8000 lb. 
7 d An intensity of pressure of about 50 |b. per sq. in. for 
each of the 20 sq. in. of each of the eight shoes of the four- 
arm clutch. 
C That any inequality or lack of evenness and uniformity of 
the pressures with which opposite shoes bear on the ring, 
_ or any lost motion between the various parts, will decrease 
- the breaking strength of the clutch. 
D That a 24-in. four-arm split clutch will probably break 
when transmitting between 150 and 160 b.h.p. at 100 
-rvp.m., if the force is gradually applied and under proper 
conditions. 
E That the factor of safety of 10, as used by the clutch manu- 
facturer in this case for the solid clutch, is quite ample. 
3 


== 


H. J. Smivn. The author gives three methods of making friction 
clutch tests: 

a Static test to determine the force required to cause the 
clutch to slip with a given force on the shifter lever. 

b The clutch in motion with the load gradually applied. _ 

c The clutch in motion with the load suddenly applied, to 

- determine the pick-up load capacity of the clutch. 

While the first two methods are interesting, the results do not 
apply directly to actual working conditions. The pick-up test alone 
determines the capacity of the clutch and its factor of safety. Both 
experience and the results of numerous tests show that the pick-up 
load is extremely variable, depending on the class of work. In some 
instances in actual practice it is more than 210 per cent above the 
normal running load of the clutch. From this it is evident that both 
in_the rating and in the selection of a clutch for a given service, the 
pick-up load is the controlling factor. : 
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CATALOGUE RATING 48 H.P. AT 100 R.P.M. . 
NUMBER OF TuHrRust on Maximum Brake HORSEPOWER Re 
Test COoLuAR, LB. LOAD, LB. aT 100 R. P.M. 


When a clutch under test has its load gradually applied, the 
transmitting capacity of the clutch is at its best, and its factor of 
safety highest. When called upon to pick up a dead load suddenly, 
the effect on the clutch is that of impact, and the factor of safety is 
reduced very often to a dangerous degree. 

It will be seen from Tests I in Table 1, the only recorded 
tests upon a split clutch, which is the weaker type of construc- 
tion, that with a gradually-applied load the clutch transmitted 146 
h.p. and broke. The stronger construction—the solid clutch—carried 
187 h.p. and broke. Now note that this latter solid clutch carried 
only 102 h.p. on a suddenly applied, or “pick-up” load, and broke. 

On the basis named by the author for gradually applied loads, 

‘TABLE 6 TESTS ON 2+-IN. POSITIVE ACTION HILL CLUTCH 


540 74 Clutch slipped 


2 334 830 113 Clutch slipped 
3 410 880 120 Clutch slipped 
4 


544 1030 141 Limit of Testing 
Stand 


that the four-arm split clutch will carry 78.5 per cent of the breaking 
load carried by the four-arm solid clutch, the split clutch would have 
broken on a pick-up load of about 80 h.p. This is in line with exten- 
sive prony brake tests made by me in 1908 and 1909, which showed for 
pick-up loads that 80 h.p. at 93 r.p.m. is about the rupture capacity 
of 24-in. split clutches and about 100 h.p. for 24-in. solid design 
clutches, as made by different manufacturers. 

I must, however, take exception to the author’s final conclusion 
that a factor of safety of 10 exists in clutch manufacture. This is 
far too high. In the first place the coefficient of rest is greater than 
the coefficient of motion, and we must not forget that the trans- 
mitting capacity of a clutch is dependent upon its ability to pick up 
its load from rest. In practice the dead load of the prony brake 
is replaced by the friction and inertia of large masses, such as occur 
in starting into motion long lines of shafting. flywheels, pumps, 
attrition mills, ball mills, tube mills, or other similar machinery. 

During the time of slippage under the pick-up loads the coeffi- 
cient of friction is lowest and the wear on the wood shoes greatest. 
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Once in motion the friction of rest, which exists between the clamped 
members of the clutch, insures the continued transmission of any load 
that can be picked up. 

In the second place the rating of a clutch of any size should 
be based on the split construction. In the test under consideration 
the rupture capacity of the 24-in. split clutch is about 90 h.p. at 100 
r.p.m. The rating of the makers is 19 h.p. at the same speed. The 
factor of safety, therefore, is less than five. 

In all tests made by me the final rupture occurred at the key- 
way of the clutch hub; the bolting lugs and bolts gave way at the 
same moment and the ring was broken only by the thrust of the broken 
clutch mechanism. 

There is no doubt’ that the transmitting cap 


increases practically in proportion with the number of arms; on 
the other hand it is equally certain, from a study ot design, that the 
factor of safety will vary with the number of arms. My own opinion 
of the factor of safety of a Hill clutch of four-arm construction is that 
each arm, independent of the others, should be able to carry safely 
the rated capacity of the clutch at 100 r.p.m. This gives a factor 
of safety of four. For athree-arm clutch in the same manner the fac- 
tor of safety is three, but for a six-arm clutch it rarely exceeds four. 
This is because a six-arm clutch has a no stronger hub construction 
than a four-arm clutch on account of the congested design. 

In a series of tests by Prof. R. G. Dukes of the Case School of 
Applied Science, Cleveland, results were obtained upon the ultimate 
capacities of different types and makes of clutches. In Table 6 
is given the performance of a 24-in. split positive-action Hill 
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ws 
clutch, which, however, was not pushed to its greatest capacity on 
account of lack of power on the testing stand. 

To illustrate the enormous power-transmitting capacity of 
the ring type of clutch, the following test is of interest. It was made 
on a 24-in. No. 60 Smith type Hill split clutch of very heavy con- 
struction. It is rated at 60 h.p. at 100 r.p.m. Fig. 4 shows the design 
of the clutch, which is positive in its action, no springs being required 
for disengaging the jaws. 

The test was conducted as follows: The power transmitted 


TABLE 7 TESTS ON 24-IN. NO. 60 HILL SPLIT CLUTCH (SMITH TYPE) : 


CataLocus 60 a.p. at 100 R.P.M. 


7 
Net Maximum 

NUMBER OF THRUST ON Horsepower AT 
Brake Loap 


Test COLLAR, LB. 100 RP.M. REMARKS 


Clutch slipped on 
further tightening 
brake 


Limit of testing stan 


Prony Brake Arm 100 in. long. ; 
was measured by a prony brake and platform scales. The speed of 
the clutch shaft was maintained at 93 r.p.m. A spring scale meas- 
ured the force applied to the hand lever. The wood shoes were first 
worn to a fit on the ring. Then the jaws were adjusted so that a cer- 
tain pressure on the hand lever engaged the clutch. Next the brake 
band was tightened and the clutch engaged, forcibly picking up the 
dead load from rest. Repeated trials gave the maximum brake load 
which the clutch would pick up without slipping. When a slip occurred 
the jaw adjustment was increased to give larger hand lever scale 
readings, and corresponding higher brake readings. The final read- 
ing of the transmitting capacity was limited only by the available 
power. The results are given in Table 7. 

It will be noted that these results were obtained with a split 
clutch starting from absolute rest—the true pick-up load—and bring- 
ing up to speed at the stated loads. No breakage occurred. It is 
the result of correct toggle action and rigidity of construction. 

It is of interest to note also that the ring type clutch described 
in the paper was the i inv ention a ine W. Hill (February 10, 1885). 
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[n its fundamental construction two members are required: a toggle- 
locked friction clamp and a friction ring. To preserve the balance of 
the clutch and increase its capacity, additional friction clamps are 
added, making two, three, four or six-arm clutches. 


G. N. VanDeruorr. The real point in connection with friction 
clutches is undoubtedly the picking-up of the load, and these tests 
seem to lack in that they do not give the mass that is started from rest 
and the time required to accelerate it to uniform velocity. That is 
the duty the clutch has to perform and is the real measure of the 
strength of the clutch. The time should be given in seconds, or in 
fractions of seconds. When this is done we will have some idea of the 
relative value of friction clutches. 


H. J. Smrrxn. In regard to the time element in tests of friction 
clutches, I know that in Professor Duke’s report and in the tests I 
conducted myself, it was found best to throw in the clutch just as 
rapidly as possible. In any case, on a pick-up load, clutches of all 
types were thrown in as quickly as it could be done by the impulse 
of two men on the hand lever. 


E. P. Haings. In connection with the time taken to start a load, 
take the case of a gas engine in a machine shop. If the clutch is thrown 
in quickly, the gas engine will stop, and if it is thrown in too slowly, 
the clutch will burn out unless it has ample surface to prevent over- 
heating. The time taken to apply the load should be between the 
two extremes. 


H. J. Smira. Through this system of testing I have evolved the 
following rules: for single-cylinder gas engines, use a clutch of double 
the capacity at a given speed; for double and triple-cylinder gas 
engines, use one rated at from 25 to 50 per cent above the capacity 
desired; with engines of four or more cylinders, use a clutch of the 
rated capacity for steam engine practice. 


OBERLIN SmitH said that clutches should always be thrown in as 
4uickly as possible, especially if they have wooden or fiber shoes, 
xcept where gas engines are used for power. He has found that 

‘utches as arule are built too small in diameter, necessitating severe 
amping to obtain sufficient friction to carry the load. This is some- 

‘ues necessary where the diameter must be restricted, but in general 
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large diameter should be employed to obtain speed and to reduce 
the pressure on the clamps. He stated that his experience had been 
mostly with clutches used for starting presses, where the inertia 
of large shafts and heavy chains of gearing impose severe strains on 
them. Under such conditions the clutch surface is run at the highest 
safe speed, about a mile a minute, in order to obtain the greatest 
benefit from the friction. 
Many of the friction clutches in the market are excellent but 
complicated. They require a great deal of mechanism to give enor- 
7 mous pressure at the friction surface. For driving heavy presses a 
much simpler form of clutch is preferable and the old cone form 
q 


has been adopted. By making the surface wide and large in cir- 
cumference a very simple toggle mechanism is sufficient. 


Tue Avutruor. In reply to H. J. Smith’s remarks, I would say 
that every one is aware that a split pulley is not as strong as a solid 
one, and for that reason the number of split friction clutch-couplings 
: sold is probably less than ten per cent of the number of solid ones 
made and sold. 

In reply to Mr. VanDerhoef, it should be said that the mass that 
was started from rest is shown in Fig. 2. The 48-in. by 24-in. brake 
pulley weighed about 2800 lb. Noautomaticand autographic appara- 
tus was available for recording the time required suddenly to apply 
the load. The instructions were to throw the load on as quickly 
as possible, and this was done. To describe this action as accurately 
as possible, it is called in Table 5 a suddenly applied load rather than 
a pick-up load. Just what fraction of a second this was each one 
can judge from his own experience. The term pick-up load is quite 
indefinite as to the time element and simply describes thestarting 
into motion of a shaft, etc., which was at rest and with an indefinite 
amount of slipping of the friction members. 

Replying to Oberlin Smith, I would say the intensity of pres- 
sure of the shoes on the ring was about 50 lb. per sq. in. with this clutch 
(see Par. 37 Bd). 
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In testing prime movers, the engineer often laments the ineeiks of 
efficient power-absorbing apparatus. Especially is this true in the 
testing of small high-speed machines, such as automobile engines and 
steam turbines. In many cases the number of machines to be tested 
is large, in fact in some instances each machine is given a b.h.p. 
__ test before leaving the factory; and in every case where a high degree 
of reliability is essential from the output, the percentage of machines 
undergoing test must be large. The attention of the writer was forc- 
‘ibly called to this need several years ago in the testing of a small 
steam turbine running at 2500 r.p.m., and through this experience 
the type of apparatus described below was designed and has been 
used with satisfactory results 
2 In the design of such a piece of apparatus, the fcllowing points 
were to be considered. These are enumerated in the order of their 
supposed importance. 
a It should be free from binding or “seizing.” 
6 It should be free from producing changes in the load, due 
—— to changes in the apparatus itself, such as change of 
temperature, wear or friction of parts, etc. 

7 fi ec It should be capable of absorbing and accurately indi- 
cating a wide range of loads, from zero to the full capacity 
of the machine. 

' dd The regulation of the load should be positive and instan- 
tareous. 
-¢ «©The apparatus should require a minimum amount of 
i attention and be capable of continuous service. 

Tt should be self-contained, occupy a small amount of fioor 

ss spaee, and be free from noise and tbe splashing of oil and 
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> g It should be capable of being quickly changed from one 
prime mover to another. 
h Itshould require a small amount of cooling water. 

3 Inconsidering the above items, it will be noted that Items a and 

b practically eliminate mechanical-friction apparatus from the field, 
while Items }, c and d practically eliminate machines depending upon 
the friction or resistance of liquids for their operation. With these 
two classes of apparatus removed, there remained only the principle 

of magnetic induction for the construction of an efficient absorption 


dynamometer. 
eww. 


4 From this principle we know that a conductor revolving in a 
field of variable magnetic intensity has an electric current induced 


Fig. 1 Magnetic ABSORPTION DYNAMOMETER 


in it. The reaction of this current upon the field that produces it 
causes a torque between the conductor and the field. There are two 
ways of dealing with the current induced in the conductor. In 


| = 
= 
ais 
| 
4 | 


GARLAND 


one, the current may be collected by a commutator or slip rings and 
carried off from the machine; in the other, the current, or rather 
currents, generated in the conductor may be allowed to remain, and, 
circulating in the paths of least resistance, they will ultimately short- 
circuit among themselves and produce heat. 

5 Inthe first case, we have simply a dynamo mounted in a cradle. 
This serves as a very efficient and satisfactory type of dynamometer. 
There are, however, objections to its use. The currents generated 
must be taken care of either by water rheostats or lamp banks or 
utilized in the performance of work. Water rheostats and lamp banks 
require considerable attention and occupy space. Owing to the irregu- 


Coppot Dise 


Exciting Coil, 
encased in 


144 in; 


Cooling Water 


Fie. 2 Enp ELEVATION AND Part SEcTION 


larities in the testing, the utilization of the current for the performance 
of work is in most cases impracticable. The initial cost of a testing 
unit of this type is necessarily large. 

6 If the currents in the conductor are permitted to short-circuit 
themselves, the conductor is heated; the amount of heat produced is 
equivalent to the work absorbed by the dynamometer; and the beat 
thus generated may then be carried off by cooling water. \'This is the 
principle utilized in the design illustrated, a description of which fol- 
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7 In brief, the dynamometer consists of a metallic dise revolving 
between a set of pole pieces so constructed as to produce a magnetic 
field of variable intensity. Fig. 1 shows the front view of a machine de- 
signed to absorb 45h. p. at from 1200 to1500r.p.m. Fig. 2 is anendele- 
vation and part section showing the construction of the nena ap 
It will be seen from this figure that it consists of a copper disc A, 
mounted on a bronze hub and revolving in front of pole pieces BB.’ 
The magnetic circuit is made up of the casting C, the air gap and the 
cover plate C'.UT he castings C and C’ are bolted together and carry 


for Terminals 


Fig. 3 Lerr Hatr or Fietp Casting SHOWN IN SECTION IN Fia. 2 


the exciting coil D and the bearings EF and EZ’. The magnetic yoke, 
made up of castings C and C’ carrying the field coil and disc, is sup- 
ported in ball bearings, and is prevented from rotating with the disc 
by the spring balance shown in Fig. 1. This latter measures the pull 
or torque between the rotating dise and the stationary yoke. 

8 The magnetizing coil is encased in copper, the terminals being. 
carried out through holes in the casting C, which are carefully sealed 
after the coil is in place. 

9 The heat generated by the short circuiting of the eddy currents 
generated in the copper disc, is carried off by the cooling water which 
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enters through the base connection at F (Fig. 2) and passes up through 
the bearings into the field casting. It then passes out through open- 
ings which are not shown in the illustration. This water not only 
carries off the heat generated, but serves as a lubricant for the bear- 
ings. That which passes through accumulates in the central chamber 
E, and is discharged at the base of the machine through the drains 
GG’. 

10 Fig. 3 is a detail drawing of the left half of the field casting C, 
shown in section in Fig. 2. It will be seen that there are six poles in 
the machine. The circulating water enters at J and leaves through 
the port at J. Similar ports are provided in the cover plate C’, Fig. 2. 


11 In operating, the engine under test is directly connected to the 
dynumometer shaft by means of some form of flexible coupling, the 
cooling water is turned on and the engine is started. After normal 
speed is reached, the load may be thrown on by energizing the field 
coil. The amount of current and consequently the torque or pull on 
the spring balance is regulated by a rheostat connected in series with 
the coil. After running a few minutes, the quantity of cooling water 
is adjusted so that the temperature of the machine does not exceed 150 
deg. fahr. In larger machines the coil may be wound with asbestos- 
covered wire and the temperature permitted to reach 212 deg., so that 
the cooling water is evaporated within the dynamometer. This © 
reduces the quantity of cooling water required about 75 or 80 per cent. 
12 The normal working temperature having been reached, the 
load on the machine remains absolutely constant, provided the line 
voltage is constant; for the mechanical friction, which is the bearing — 
friction of the revolving disc, is small and practically constant and 
changes in temperature due to changes in the supply of cooling water | 
also affect the load on the dynamometer very little. The regulation 
by the rheostat is instantaneous and positive. When the dynamome- — 
ter is driven by a smooth-running engine, the torque as indicated by 
the spring balance will not show a variation of } lb., while the balance 7 : 
is sensitive to less than 1's lb. This indicates an accuracy that 
_ is not necessary even in the most refined testing work. eS a 


RELATION BETWEEN SPEED AND TORQUE 


i 
| 13 In the case of the present machine the torque is almost pro- Le - 
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portional to the speed and is maximum at about 600 r-p.m. From 
this point the torque drops off about 15 per cent at 1200 r.p.m., and 
remains almost constant from 1200 to 1500 r.p.m. 

14 The torque depends upon the speed, number of poles, thickness 
of air gap, thickness of the copper disc, shape of the copper disc, and 
shape and spacing of the pole pieces. By varying the number of pole 
pieces, and the thickness of the copper dise, the point of maximum 
torque on the speed-torque curve may be shifted anywhere from 25 
r.p.m. to 2500 r.p.m. 


CONCLUSION 


15 This type of dynamometer is well adapted either for the test- 
ing of bigh-speed motors with a wide variation in speed, such as the 
automobile engine, or for the testing of slow-speed apparatus having 
a smal! variation in the speed. It can be built in practically any size’ 
from 10 h.p. up. The principal disadvantage is the high initial cost, 
although this is not an item where serious and continuous testing 
work is going on, as in factories or in the laboratories of technical 
‘schools, for the labor saved and the increase in capacity resulting 
through the use of the machine will in a short time more than pay for 
initial outlay. 

16 The efficiency, which may be expressed as the ratio of the 
energy absorbed by the dynamometer, minus the energy supplied to 
the exciting coil, divided by the energy absorbed by the dynamometer, 

- may be made anything up to 99.9 per cent and depends upon the 
- weight of copper placed in the coil. Ordinarily the efficiency is made 
: about 96 per cent, or 4 per cent of the power absorbed by the dynamom- 
eter is required in the form of electrical power for excitation. 


C. M. AuLEN. This paper describes a unique and interesting form 

- of absorption dynamometer, but practically allof the claims brought | 
out in the paper are applicable to and descriptive of the Alden absorp- 
tion dynamometer. The Alden absorption dynamometer never binds © 
or seizes if it is properly set and operated, and with the automatic — 
valve attached, the internal friction, temperature, wear, etc., have 
no effect on its keeping balanced steadily, holding the load constant 
for an indefinite period of time. It accurately indicates the load from — 
full capacity practically to zero, merely the friction o 


— indicated, and I do not see why the dynamometer described in this 
ae would not have the same amount of initial load. The regula- 
tion of the load on the Alden brake is positive, and although not 
instantaneous in its true sense, the full load can be put on or off as 
- quickly as the valve can be opened or closed. The Alden brake also 
requires very little attention if properly set up and operated. The 
‘automatic valve entirely does away with any hand manipulation, 
keeping the load constant for hours without any attention. For a 
given amount of horse power, the Alden brake probably takes up as 
little room as the one described in this paper, because the brakes can 
be made with multiple dises. They run as quietly as any ordinary 
oil bearing and are as free from splash of oil and water. They are 
also readily changed from one prime mover to another. They can 
either be mounted on a portable stand, as the one described in this 
_ paper, or they can be put on the overhanging end of the engine 
shaft. The amount of cooling water ordinarily used would be a little 
greater with the Alden brake than in the electrical dynamometer 
described in order to keep the temperature of the machine lower for 
the best operation; bvt for small machines running at high speeds, it 
is perfectly feasible to run the cooling water hot enough to make steam. 

We have used Alden dynamometers in the laboratory of the 
Worcester Polytechnic Institute for < good many years, ranging in 

_ size from dises 6 in. in diameter up to 34 in., in horse power from 1}, 

up to 150, and in speed from 0 up to 3000 r.p.m., and we are con- 
vinced that they are reliable, accurate and comfortable machines to 

-work with. These brakes have always done the work demanded so 
exceptionally well that the writer has taken up the testing of large 
-water-wheel units after installation. Further particulars concerning 
the action of these large dynamometers are given in the paper on 
The Testing of Water Wheels after Installation. ' 

The Alden dynamometers are used extensively in a large num- 
ber of engineering schools of this country and abroad. They are also 
used by a great many of the largest automobile manufacturers in this 
country for testing their engines before installation in the cars, and in 
some cases after installation by connecting a dynamometer to each 
end of the rear axle. 

These remarks concerning the Alden dynamometer are entirely 
unnecessary for those who are familiar with it, but were written for — 
the benefit of those who are still looking for a reliable and accurate 
prony brake. 


'Trans., vol, 32, p, 275. 
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THE AuTHoR. I am very glad that Professor Allen has brought out 
the advantages of the Alden brake as compared with those claimed 
for the dynamometer described in my paper. The Alden dynamo- 
meter fulfils very nearly the specifications outlined for the magnetic 
dynamometer. However, I believe that the latter has the advan- 
tage of requiring less attention and about one-tenth of the weight of 
water, or in some cases much less; also of the elimination of mechanical 
friction which renders seizure of the rotating with the stationary parts 
a very remote possibility. While this is well taken care of in the Alden 
brake, yet if the temperature of the water rises so that the lubricating 
oil becomes less viscous between the discs there is always present this 
danger. I further believe that the regulation or the changing of the 
load requires a greater amount of attention. The magnetic dyna- 
mometer, if properly constructed, operates as steadily as an electric 
motor and is, without doubt, the ideal machine in so far as operation 
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THE SIGNIFICANCE OF THE ENGLISH MEETING 


Reporr By Dr. F. R. Hurron, HONORARY 
The American Society of Mechanical Engineers _ 

It may not be known to all the members of the Society that its 
Secretary and its Honorary Secretary were made appointees to 
the meeting of the American and British Societies of Mechanical 
Engineers in Birmingham, England, in July 1910. It seems there- 
fore proper that something of an official report should be presented 
from these officers respecting that meeting. ‘The Secretary is to 
report in full upon the outward and visible elements of the meet- 
ing; there is left for the other officer to report at your request upon 
some of the inner and therefore perhaps broader significances of 
such a gathering. 

These would appear to be three-fold: first, to the members of the 
American Society participating; second, to the American Society 
as a whole; third, to the members of the British Society, and to the 
engineering profession as a whole. 

To the members of the American Society participating, it is super- 
fluous to speak of the personal pleasure of the trip. The ocean 
voyage was a yachting party of congenial friends with every appoint- 
ment of luxury at their service. The sojourn in England was a house- 
party or week-end visit at a hospitable manor-house, whose hosts 
could not do too much to keep their guests busy and interested, 
while the beauty and historic stimulus of the Midlands were present 
as a background for every excursion. But besides this, so intimate 
an association for twelve*days means the changing of acquaint- 
ances into friends. The ‘shared memories are bonds which will 
not easily break; and the Society, made up in some cases of com- 
petitors in business who are now personal friends withal, is the 
stronger for the meeting of 1910. 

The significance of the English meeting to the American Society 
as a whole is in the compliment paid to the visitors by the 
hosts in and around Birmingham and London in according to 
American engineering the standing of which such courtesics are thi 
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evidence. It dignifies a body of visitors when the scale of their 
reception is an indication that they are regarded as being ‘worth 
while.” The reception by city officials on landing, the courtesies 
of the Lord Mayor of Birmingham, and the civic splendor of recep- 
tions at the Mansion House and in the City Gardens at Birmingham, 
do not pass to inconsequential outsiders. The whole profession is 
helped upward and forward by an atmosphere such as this. 

In the third place the meeting should be memorable to the British 
Institution and to the profession at large, because of the topics 
selected for the American papers, the manner of their presentation 
and the quality of the discussion on them, and the representative 
character of the American delegates. The whole participation in 
the duties of the meeting by the official party was creditable and dis- 
tinguished. Its influence will be favorably felt for many days. 

It was the privilege of the Honorary Secretary in the regretted 
absence of the President of the Society to respond by request of his 
associates to the toast of The American Society of Mechanical Engi- 
neers at the great banquet in London with which the meeting closed. 
The sentiment was proposed by Sir William H. White, Past-Presi- 
dent of the Institution. The substance of the speech of reply was 
forced upon a plane of dignity and earnestness by the proprieties of 
the occasion. Its leading features were: 

That any event falls in the class of memorable or of common- 
place happenings according as its inner or spiritual meaning is elevated 
orordinary. The gathering at Runnymede was but aseditious uprising, 
unless we see in it the dawn of the philosophy that government is 
only stable when it secures the greatest good to the greatest number, 
the principle underlying the triumph of enlightened democracy in 
America and of constitutional government in England. The death 
of the Stuart Charles is but an insurrection and an assassination, 
unless there is seen behind it the lesson that no king “liveth unto 
himself.” Here a tribute was paid to the self-sacrificing industry 
and devotion of King Edward VII for whom the land was then in 
mourning. 

What were the significances of this English Meeting? Certainly 
threefold. There was first the fact that visitors from the United 
States were guests of the mother-country. Why does the American 
regard Old England as his home-land, even if he were not of English 
descent? It is more than the common language which underlies 
this; for many Americans have the languages of Europe as their own 
und the open doors to the literature of the Continent. The reasons 
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seem deeper in philosophy and sentiment. To use a figure to bring 
out the thought, the civilizations of the world may be viewed as struc- 
tures standing like pyramids on a plain. Research below the visible 
phenomena will show that the existing civilization has beneath it 
the customs of the people; below the customs and laws of the people 
are the conduct and examples of the individual units who make up 
the people. The source and origin of this behavior are the ideals 
and inspirations in the soul of the man, having as a rule their basis 
in his concept of his relation to a personal God or great spiritual 
first cause. Now the reason the American and the Briton are so 
near each other and understand each other so well, is that on the 
courses of the foundation of our respective civilizations where you 
come to the deep levels of the ideals and inspirations of conduct, 
the two nations are at one. No one but a sharer of our ideals could 
have made us tingle and thrill as we do under the spell of Kipling’s 
Recessional; no one but an Englishman could have moved us as he 
who describes the self-immolation of the noble physician in the Bonnie 
Briar-Bush; no poet but an English one would have conceived that 
splendid ideal of a manly death at ‘Twilight and evening star,” 
and ‘‘one clear call for me,’’ with its hope to meet a “Pilot at the 
bar, when we put out to sea.”” The Americans rejoice to be the 
guests of men, sharers of our ideals. 

But the English Meeting is not alone of Americans and English, it is 
of engineers, American and English. Our data of science are the 
same; the equation of the parabola, or the exponential expression 
for the expansion of steam under adiabatic assumptions are not 
changed as we cross the Atlantic. Why then the stimulus each feels 
in rubbing shoulders with the other? It is that economic conditions 
and the conditions of industrial production are different in the two 
countries. With the American the trend of successful production 
is in the direction of standard product as against special designs. In 
other words we seek to induce and persuade the buyer to adjust 
himself to such standard, rather than to have the buyer compel 
the seller to make special designs to meet a requirement which was 
in most cases somewhat accidental and not unmodifiable. In eco- 
nomic terms, the American plan is to have the seller write the speci- 
fications; the English plan is to have the consulting engineer for the 
buyer write them. This difference explained American successes 
in recent competitive history, and threw a strong light on one 
phase of the ‘American peril.””, When the Briton woke up to the 
advantages of the other system, the days of certain supremacies would 
be numbered. 


| 
a 
888 
4 
— 
a 
bx 
- 
- 
12 
= 


THE MEETING 599 


In the third place, this meeting was the successor of other trans-— 


atlantic interchanges, beginning in L889, repeated in 1893, 1900 and 
1904 when the Institution came to Chicago and St. Louis fora visit: 


and to this last the present meeting, was, in the speech of an 


national sport, the return match or home game. 

Finally, did such a reunion of the great productive engineers of the 
Knglish-speaking peoples, rejoicing in the same high ideals impose 
on the two bodies any responsibilities and obligations. Doubtless” 
many, but at least one. The duty of the designer of machines and 
the manager and director of works to safeguard his work-people at. 


their occupations, that useless and unnecessary loss of life or limb or 


wage-earning Capacity was not entailed where it could least be borne. 
The air of America was vibrant with the sense of duty to prevent 
accident in factory and shop; and this was first the duty and oppor- 
tunity of the trained mechanical engineer. To paraphrase the his-— 
toric vision of the first violent death in our race: when Cain the older — 
brother, the leader of men, the employer by temperament and gifts, 
shall be asked, “Where is thy brother? The voice of thy brother’s 
blood maimed or slain in a factory accident crieth out from the 7 
ground,” the enlightened sentiment of all of worthy ideals will not 
allow him carelessly and indifferently to answer, ‘‘Am I my brother’s | — 
keeper?” The mechanical engineer is responsible before the bar of ‘ 


the highest justice for any industrial accident which he could have 
prevented and did not interest himself to forestall. Let us see to it 
that this sin is not laid to our charge. aa ae 
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PROCEEDING 


Report By Catvin W. Ricg, SECRETARY 
The American Society of Mechanical Engineers a 

In the Spring of the year 1909, Sir Robert Hadfield, a member of 
the Council of The Institution of Mechanical Engineers, brought to 
The American Society of Mechanical Engineers, on one of his fre- 
quent trips to America, the first intimation of a meeting to be 
held in England the summer of the following year. This was con- 
firmed in September by the following formal invitation from our 


sister organization: i» 


@e 
—P THE INSTITUTION OF MECHANICAL ENGINEERS 
Storey’s Gate, St. James Park, Westminster, S. W. 


September, 1909. 
Dear Mr. President: 


At a Meeting of the Council of this Institution held today, the following Reso- 
lution was unanimously passed: 

‘‘That a very hearty invitation be sent to The American Society of Mech- 
anical Engineers to participate in a Joint Meeting in England with the Insti- 
tution of Mechanical Engineers, and that the Meeting be held in the Summer of 
1910, if possible during the last week in July.”’ 

I need scarcely say how warmly the subject was supported by those present, 
especially as the Council had learnt from the Committee appointed to confer 
with Mr. H. deB. Parsons, the special representative of your Society, the cor- 
diality with which the idea had been taken up by your Members. 

We hope that we may be favored with the presence of yourself, your Council, 
and many of your Members at the proposed Meeting. 

With all good wishes, we are, 

Yours very truly, 

Joun A. F. ASPINALL 
President 

EpGar WoRTHINGTON 
Secretary 

To The President 
The American Society of Mechanical Engineers 
29 West 39th Street, New York, U.S. A. - 
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Former gatherings of a like nature had taught not only the value, 
but also the great pleasure to be derived from such a meeting of the 
two national mechanical engineering organizations, and by the unani- 
mous vote of the Council of the Society the following reply was 
despatched: 


= THe AMERICAN SociETY OF MECHANICAL ENGINEERS 


_ 29 West 39th Street, New York, U. S. A. 


Dear Mr. President: 

The Council of The American Society of Mechanical Engineers has con- 
sidered the very cordial invitation of The Institution of Mechanical Engineers, 
to hold a joint meeting in England inthe Summer of 1910, conveyed by your let- 
ter of September 17. 

The Council was unanimous in the acceptance of the invitation and bids me 

- convey to you its action as follows: 

‘‘Resolved,—That The American Society of Mechanical Engineers accept 
the very cordial invitation of The Institution of Mechanical Engineers, to hold 
a joint meeting in England in the Summer of 1910. The Council feels that the 
interests of ngineering throughout the World will assuredly be advanced by 
the giving and the acceptance of this invitation ;—an evidence of an increasing 
coéperation among the various societies representing the Profession of Engi- 
neering.’”’ 

In conveying this resolution of the Council permit us to inform you of the 
universal cordiality with which the invitation has been received both by the © 
Council and by the Members of the Society. It is the expectation that a repre- 

; sentative delegation of the Society will be present at the meeting. 

Please accept our expressions of sincere good will. 


Jesse M. SmiruH 
4 
President 
iv’ w W. Rice 
Secretary 


To The President 
The Institution of Mechanical Engineers 
London, England 
The preliminary work of announcing this action to the membership 
- was assigned to the Executive Committee of the Council as well as 
the tentative arrangements for transportation, whereby an option, 
_ expiring March 1, was secured upon the entire first cabin of the White 
Star Steamship Celtic, sailing July 16 for Liverpool. 
The Committee of Arrangements immediately upon its appoint- — 
ment by the Council in the Spring of 1910 took up the task of per- 
fecting these and other details, producing, under the able Chairman- 
_ ship of Ambrose Swasey, Past-President Am.Soc.M.E., a result which 
_ made this meeting an event in the history of the Society. 
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NEW YORK TO BIRMINGHAM 


The Celtic with the official party of 144 members and guestssteamed 
from the White Star dock in the North River at two o’clock in the 
: - afternoon of July 16, under a cloudless sky, good augury of the voy- 
age ahead. The Committee on Acquaintanceship which, with the 
- characteristically energetic generalship of Dr. W. F. M. Goss, met 
immediately after dinner the same evening and remained continu- 
ously on duty until the end of the voyage, soon made the individual 
~members of the party known to one another. Invitations, on which 
was embossed and colored the emblem of the Society, were also 
issued to the other members of the first cabin, cordially urging 
their participation in the events arranged for the week on shipboard, 

a thoughtful act suggested by Professor Hutton and Mr. Brill — 
which was greatly appreciated. The entire group was thus at 

once brought into a friendly relationship not usually secured until — 

the end of the journey. 

The first day out, which was Sunday, was spent quietly in resting 
and visiting, religious services being conducted by the Right Reverend © 
William D. Walker, Bishop of Western New York. On Monday, pre- 

liminary games were begun on deck. In the evening the officers 

and past-presidents of the Society, together with the officers of the 
Celtic, received the first cabin passengers on the upper promenade 
deck, thus bringing the party and the other voyagers into closer 
acquaintance. This is believed to be the first occasion in the history 
of the Celtic, if not of the steamship line, in which the officers of the 
ship participated in receiving the passengers. A dance followed the 
reception. 

The lecture given on Tuesday evening by Worcester R. Warner, 
Past-President, on What are the Astronomers Doing, was not only 
entertaining but instructive, and was finely illustrated by lantern 

_ views, many of which were new and shown for the first time to any 
audience. 

The musicale arranged for Wednesday evening proved one of the 

- most enjoyable features of the trip, displaying to advantage the ver- 
_ satility of the Society’s membership. The success of those in charge | 
in enlisting the participation of the other passengers was exemplified 
in the acceptance of the chairmanship of the evening by Mr. Everett 
_ P. Wheeler, well-known in legal and political circles in New York 


City. The program follows: 
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SELECTION Guglielmo Tell ............... Rossini 
Orchestra 


VocaL a The Flower Song from Faust Gounod 
b Ask Me no More.... Tosti 
ys Miss Grace BURLINGAME 

CrLLO Souos a Romance Davidoff 


Dr. LeEoNARD WALDO 
Mono.toaur The Village Dressmaker. Wiggin 
Mrs. Jesse M. Smiru 


VocaL Souos a The Skipper of St. Ives...... Roeckel 
b Three for Jack .............. . Squire 


4 D. J. EpMonps 

oie PiANO SoLo Song Without Words .....Mendelssohn 


Miss Auice M. Main 


READING The Limerick Tigers........... Edwards 
Pror. F. R. Hurron 
SeLection ‘Three Dances Henry VIII........German 


Orchestra 


The appreciation felt by the first cabin passengers of the enter- 
tainments arranged by the Society was expressed by Mr. Wheeler at 
the conclusion of the musicale. 

On Thursday evening, John R. Freeman, Past-President, gave an 
interesting illustrated address on the Construction of the Panama 
Canal, of which it is well known Mr. Freeman speaks with authority 
through his official connection with the Board of Engineers appointed 
by President Taft to visit the canal in 1909. Slides of a different 
character were afterward thrown on the screen, showing among other 
views a portrait of Captain Hambelton, and a reproduction of the 
menu card of the dinner given by Ambrose Swasey, then President 
of the Society, at the time of the last visit of the Institution to 
America in the year 1904. As the words of God Save the King were 
shown, the audience joined in singing the British national song. 
lriday evening was devoted to dancing. 

A bridge-whist contest was held Thursday afternoon, and on Fri- 
day the sports took place, miscellaneous games being also in progress, 
luring the entire week. Saturday evening had been set apart for 
‘he awarding of prizes to the winners of these various tests of skill 
wad for a gathering of a more informal nature than those of pre- 
‘eling evenings. Prof. F. R. Hutton presided over the occasion, 
ind after an orchestra had rendered a selection, Geo. M. Brill, Chair- 
tan of the Entertainment Committee, announced the following 
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awards: Ist prize in bridge-whist, to J. D. C. Darrell, a pair of flat 
brushes in a leather case; 2nd prize, to John Calder, a pigskin travel- 
ing case for collar buttons, etc.; 3rd prize, to Mrs. W. K. Carr, a hat 
pin; 4th prize, to Mrs. M. B. Orde, a bridge set; Ist prize in shuffle- 
board contest, to Karl Dodge, “‘Satchel Guide to Europe;”’ 2nd prize, 
to Theodore Main, ‘My Trip Abroad;” to the winner of the pillow 
fight, H. M. Klingenfeld, a knife on a small pillow; to the winner of 
the men’s potato race, A. Wise, a coin purse; of the ladies’ potato 
race, Miss H. E. Armstrong, a silver coin holder, and Miss Gertrude 
Baker, a silver pencil; and to the winner of the obstacle race, Kar] 
Dodge, a coin purse. A so-called endurance prize, a fan, was also 
given to Mrs. Jesse M. Smith, the last lady to stay in the game of 
shuffleboard. A consolation prize, consisting of a doll, was contributed 
by friends to Frank B. Gilbreth, who lost in the final round of shuffle- 
board, and also as a mark of appreciation of his efficient service as 
Chief of Police in maintaining order during the games. Prof. F. R. 
Hutton received a loving cup, of the telescopic variety. As each 
winner came forward to receive his or her prize, a speech was de- 
manded, thus eliciting a number of impromptu remarks which greatly 
added to the merriment of the evening. Most of these prizes, chosen 
with characteristic good taste, had been appropriately engraved or 
stamped with the name of the Society and the occasion, through the 
thoughtfulness of Mr. and Mrs. Brill. 

James M. Dodge, Past-President, followed with a humorous 
lecture, entitled An Exhaustive Review of the Formation of the Earth 
and its Oceans, with Some Conclusive Educational Remarks on the 
Solar System and Prognostications on the Ultimate End of the Uni- 
verse, in which he assumed to controvert the theories of all other 
scientists. A jury consisting of Ambrose Swasey, John R. Freeman, 
William H. Wiley, Oberlin Smith, Jesse M. Smith, George M. Brill, 
Calvin W. Rice, H. L. Gantt, Prof. W. F. M. Goss, Prof. Arthur M. 
Greene, Jr., James Hartness and F. H. Stillman, had been chosen 
to sit in judgment on his arguments and, clad in the robes of office, 
filed in with due solemnity as Mr. Dodge began his address. Mrs. E. B. 
Danforth, eighty years of age, then rendered a piano solo, and A. T. 
Baldwin read the following “‘ Engineer’s Reverie,” written by Granger 
Whitney, Superintendent of the Detroit Iron and Steel ee 


a member of the Detroit Engineering Society: 
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You move with two propellers and a trinity of steam. 


_ Then the cyaniding process and amalgamating pans, 


_ What’s the use of doubling up your work on multiple machines 


THE 


WHAT’S THE USE 


By Granger Whitney, Detroit, Mich. 


MEETING IN ENGLAND 


What’s the use of running levels on a hillside that is steep? 


With your cantilever bridges, with record breaking spans, 

Your aids to navigation, your ship locks and your dams. 

Oh, the hydrostatic pressure at the Sault, it gives me chills, 

And the dusty, smoking tunnel running through the Hoosac hills 

Makes me weary with existence; the canal at Panama 

Seems a labor of utility thats hardly up to par. i 
Oh—What’s the use? 


Till the weary brain is pinioned to a rack of grasping schemes? 
Your indicator card will show expansion of the head, 
Exhaustion of the intellect, the cut-off finds you dead. 
With monoplane and gasolene you navigate the air, 
Your differential valve gear drives a man to deep despair, _ 
With many new inventions you strive till you obtain 
The ecstatic culmination of an epicylic train. 
Oh—What’s the use? 


What’s the use of sinking shafts six thousand feet at Calumet? 
What’s the use of stoping out the Colorado sulphuret? 
Now it’s conical drum engines and ventilating fans, 


Steam shovels do your digging in a most efficient way, 

Six hundred tons of Bessemer you’re smelting in a day. 

It’s economy and saving with gas seal and double bell, 

Eighty-five percent Mesabe and your tops blown all to hell. 
Oh—What’s the use? 


What’s the use of putting bilge keels on an ocean going ship, 
Let her roll and let the lubbers seek their bunks or miss the trip. 
There’s forced draft on your boilers, you have sixty feet of beam 


With twelve-foot center hatches and twelve thousand tons below 

How your rivets groan and tremble when the wind comes on to blow 

Three days from Escanaba to Conneaut, your goal, 

And there you fuss and fidget till you’re sailing north with coal. 
Oh—What’s the use? 


If you’re going to be a pessimist there isn’t any use vy 
Of building ships or mining ore or generating juice. 
If your ultimate ambition is to roll a ton of rails, 
To build an automobile or to make a keg of nails 
You will find that life’s a burden, you will find existence stale, 7 
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If you live by rule and precedent you pretty sure will fail, 

And if you only work and sleep and take three meals a day 

Why there isn’t any answer and it really doesn’t pay. 
So—What’s the use? 


It’s the friends you’ve got in Denver, it’s your life out on the hills, 
It’s the men you met at Panama, your record with the drills, 
It’s the girls you’ve met on ship board at Harrisburg, the friends you left 
at home, 

It’s that plutocratic feeling when you’re hiking down from Nome. 
It’s the people up in Scranton, it’s the folks you met in Lynn, 
It’s your cronies out in Pueblo, it’s the places you have been, 

It’s the life you led at Phoenix when you crossed the great divide, 
t’s the work you did at Jarrow, it’s your record on the Clyde. 


It’s the golf you played at Birmingham, your San Francisco spree, 
It’s when you saw the springtime clothe the hills of Tennessee, 

It’s the drinks you drank in Pittsburg in your youthful days of joy, 
It’s that forty mile excursion from Schenectady to Troy, 

It’s the days you spent in Helena, your luck at Cripple Creek, 
It’s the gang at South Chicago that never went to sleep, 

It’s the fellows at Altoona, it’s the men that sing and laugh, 

It’s the men you’ve known and lived with from Newport News to Bath. 


It’s when the day is over and your work is all well done, — 
7 It’s when the campaign’s ended, it’s when the battle’s won, " 7 
_ Then friendship keen, and memory of many happy days Sil 
Bring the glorious satisfaction that a life of action pays. ' 
That’s the use—That’s the use _ 
_ And we'll drink a toast to energy and raise a merry song, 
We'll lead a life that’s strenuous, we'll work a day that’s long. 
ied when that day is ended and our work is damned well done 
We’ll meet around the festal board, we’ll have a little fun. 
That’s the use. ~ 
Be 


_ Ambrose Swasey, Chairman of the Committee of Arrangements, 
expressed briefly the Society’s appreciation of the courtesy and 
friendliness of the ship’s officers, which had added so much to the 
week’s voyage, and as a memento of the trip presented to Captain 
Hambelton a silver case, beautifully chased and engraved with th: 
words, PRESENTED TO CAPTAIN A. E, S. HAMBELTON, COMMANDING 
S. S. CELTIC, BY MEMBERS OF THE AMERICAN SOCIETY OF MECHANICA! 
ENGINEERS, JULY 23, 1910; and to Chief Engineer Lapsley an electri: 
desk lamp, with Tiffany favrile glass shade, similarly engraved. Thes: 
tokens came as a great surprise to theirrecipients, who expressed thei! 
thanks in a few graceful remarks. 
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Professor Hutton brought the program to a close with the ioowing 
poem written by him for the occasion: 


AN -ODE; WITH KATH- ODE 


By Dr. F. R. Hutton, New York 


Honorary Secretary of the Society 


THE AN — ODE 


There once was a ‘‘Gang”’ transatlantic 
Up to all sorts of lark and of antic; 
The Celtic’s so steady 
That each one is ready 
lor play, spite of sea rough and frantic. 


They have heard about comet and star, 
In dancing, they’ve scampered afar, 
At the ‘‘Tigers’’ they’ve smiled, 
Been by “ Bell-buoy”’ beguiled, 
And learned, too, about Panama. 


We have Swasey to act as our Boss, 
We have chuckled with Hartness and Goss, 
And with Miller, (T. Spencer), 
As stunt-scheme dispenser 
The trip’s end seems much like a loss. 


One lad used a big megaphone; ' vali 
Perched aloft, with aloud brassy tone, 
He told us who scored =) 
When they played shuffle-board — 


With a glee which is just Dodge’s own. 
One uses a lot of his breath —— ———— 
We alllike tohear what he saith: 
His nonsense is fine Bag: © € ise 


I wish like it for mine <7 
But can he be “‘wasting,’’ Gilbreth? 


Nor must we forget our police 
So great in preserving the peace; 
Were ‘‘face-making”’ a crime, 
Then ‘‘gum-chewing’s” sublime, 
And grave misdemeanours must cease. 
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We seem to be nearing the shore 

When our larks for a while will be o’er 
But we’ll never forget; 7 
And the friends we have met 

Will be mem’ries of joy ever more. 


So here on our last festal night 

And with Ireland almost in sight, 
We sing “‘Hail to the Chief’’! 
(To Lapsley, in brief) 

Who has handled our engines’ great might. 


But to Hambelton—bless heart and head- 

Our last friendly word shall be said: 
“Good luck” and ‘‘Good-bye,”’ 
We unite in the cry: 

From the sea he has lifted all dread. 


After singing My Country ’tis of Thee, appropriately followed by 
God Save the King, the company dispersed amid many expressions 
of appreciation. During the evening a collection was taken for the 
Seamen’s Charities of Liverpool and London. 

The program of Saturday evening, which was characterized through- 
out by a spirit of good-fellowship, brought to a close the unique and 
delightful series of events provided by the Committee on Entertain- 
ment, to whom as well as tothe general committee so much of the 
pleasure of the trip was due. Indeed too much praise for the perfec- 
tion of the entire series of entertainments cannot be accorded the 
Chairman and his committee, who not only followed out various sug- 
gestions made by the membership, but so elaborated them as to make 
the best possible provision for the pleasure of the voyagers. The 
friendships formed on such a journey, which must remain a source of 
satisfaction long after the details of the trip are forgotten, and which 
contribute so much to the.welding together of the Society’s member- 
ship, were, it is needless to say, a feature the importance of which 
cannot be measured. The greatest regret was expressed on every 
side at the unavoidable absence of President and Mrs. George 
Westinghouse. The entire trip was remarkable for fine weather and 
smoothness and was made comfortable and pleasurable to all by the 
excellent service. 

At six o’clock Sunday evening, July 24, the Celtic entered the River 
Mersey, where she was met by the White Star tender Magnetic, 
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bringing a deputation from the Lord Mayor of Liverpool and from The 
Institution of Mechanical Engineers. The party consisted of Deputy 
Lord Mayor Henry Lea, Esq., a member of the Council of the Insti- 
tution and formerly Lord Mayor of Liverpool; J. A. F. Aspinall, 
President of the Institution; Prof. W. H. Watkinson of Liverpool 
University, a member of the Institution; Edgar Worthington, Secre- 
tary of the Institution; and several others, all of whom brought to 
the American Society the official greetings of the city of Liverpool 
and of the British organization. Inthe absence of President West- 
inghouse, Vice-President Goss and other officers of the Society 
— the guests in the saloon of the Celtic. The Deputy Lord 
_ Mayor in a cordial speech regretted the unavoidable absence of 
the Lord Mayor of Liverpool, on whose behalf he bade them wel- 
come as brethren both in blood relationship and in professional inter- 
ests. America, he had found in his own visits to that country, a 
delightful place inhabited by delightful people, and he hoped that 
England might prove both enjoyable and profitable to the visitors. 
Mr. Aspinall then tendered the welcome of the English Institution, 
which had so long been anticipating the visit of its American brothers. 
Great Britain, he said, was a somewhat acquisitive nation and it 
was hoped that the visitors would leave behind them a great volume 
of good mechanical ideas, and that they would find the visits to British 
works of as great interest and value as he had found those which he 
had made in America. In the United States, he understood, university 
work for engineers was ahead of that in Great Britain, and the gradu- 
_ ates from these colleges were so numerous and energetic that they were 
e ‘spreading themselves even over the British colonies. 

Professor Watkinson followed with a few remarksregarding Ameri- 
can colleges, describing his recent visit and the kindly treatment he 
_ had received, and expressing himself as deeply impressed by the mag- 
nificent equipment and the enormous research work being done. He 
concluded with a cordial welcome from the engineering department 
of Liverpool University. 

Edgar Worthington, a friend of long standing of the American — 
Society, was also called upon for a few remarks. Mr. Fothergill, 
representing the management of the White Star Line, made a short 
_ speech placing the facilities of his company at the disposal of the — 
travelers upon arrival. 

These hearty greetings were acknowledged by Vice-President Goss, 
who expressed the gratification of himself and of his American friends, 
and their keen appreciation of the coming events. 
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After the welcoming delegation had departed, the Celtic was towed 
~ to her dock to remain over night, the party landing in Liverpool 
the next morning and, after the necessary formalities of the customs, 
proc eeding at once to the Lime Street Station where special dining 
¢ oaches waited to convey them to Birmingham. President Aspinall 
of the English society, together with Mrs. Aspinall and their daughters, 
and also Fred. W. Taylor, Past-President of the Society, and Mrs. 
Taylor who had reached England some days earlier, were on board 
the train to greet the party. 

At Birmingham, Messrs. Howard Heaton and Fred. M. Lea, 
- Honorary Secretaries of the Local Committee, received the naniey 


veyed them to their respective hotels: So thoroughly had the 
Committee on Transportation, Charles Whiting Baker and the 
- Secretary, done its work that not only had hotel accommodations for 
each individual been arranged in Birmingham and London, but no 
_ one from the time of the departure of the Celtic to the close of the 
~ meeting in London, was obliged to concern himself in the least regard- 
_ ing the disposal of baggage. 
On Monday evening President Aspinall tendered a dinner at the 
- Queen’s Hotel to the Past-Presidents and Council of the American 
Soc ‘iety, to which were also invited the Council and Past-Presidents 
of the Institution. The Lord Mayor of Birmingham, Alderman W. H. 
en: ater, was the guest of honor. There were also present, Dean W. F. 
M. Goss, Sir William H. White, Sir Oliver J. Lodge, Charles Whiting 
Baker, Arthur Keen, Ambrose Swasey, Sir Gerard A. Muntz, Bart., 
James Mapes Dodge, William H. Maw, Jesse M. Smith, Sir George Ken- 
rick, Oberlin Smith, Edward P. Martin, Prof. F. R. Hutton, J. Hart- 
ley Wicksteed, Prof. R. C. Carpenter, Joseph 8. Taylor, Walter Pitt, 
J. C. Vaudrey, Henry Lea, Henry L. Gantt, H. A. Ivatt, Robert 
Matthews, H. Graham Harris, Worcester R. Warner, H. F. Donald- 
son, William H. Allen, Howard Heaton, Alderman Sir Hallewell 
Rogers, John R. Freeman, Prof. W. Cawthorne Unwin, Arthur 
' T. Keen, Edgar Worthington, James Hartness, Hon. William H. 
Wit Loughnan Pendred, Mark H. Robinson, Fred. M. Lee, E. B. 
Ellington, Frederick W. Taylor, F. Dudley Docker, George M. Brill, 
Michael Longridge, George Tangy e, Edward Hopinkson, flenens 
' Robert Jebb, Capt. H. Rial] Sankey Reginald K. Morcom, Godfrey 
; -Nettlefold, Dr. H. 8. Hele-Shaw, Eric M. Carter, and the Secretary. 


- ‘Dedstownne given to the King, the President of the United States, and 
to the Guests. Respecting the latter, Mr. Aspinall spoke of his gratifi- 
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cation at the welcome which the city of Birmingham had accorded to 
the American visitors and of the great regret felt by all at the absence 
of Mr. Westinghouse, to whose coming all had looked forward, some in 
appreciation of him as a friend andasplendid host, and all in admira- 
tion of him as an engineer known from one end of the world to another. 
It was most appropriate that the societies should gather in Birmingham 
where the Institution of Mechanical Engineers was founded in 1847, 
under The leadership of its first president, George Stephenson, in 
a hotel of the same name, if not the very building in which this dinner 
was now held. Referring to the meeting now in progress, it had 
for an object, he said, not only the study of the work of our brother 
engineers, but the widening of acquaintance with one another. 

Dr. Goss, as acting President, responded to this toast on behalf of 
the Society, and brief remarks were also made by Ambrose Swasey 
and other members. 


TUESDAY, JULY 26 


The meeting was formally opened on ‘Tuesday, July 26, at 
10 o'clock, in the Lecture Hall of the Birmingham and Midland 
Institute. The officers of the two societies who had assembled in 
the Institute Board Room previous to the meeting, entered the 


hall in a body at the beginning of the session, and took their 
assigned seats on the platform. The American Society was repre- 
sented by Dr. W. F. M. Goss, James M. Dodge, John R. Freeman, F. 
R. Hutton, Jesse M. Smith, Oberlin Smith, Ambrose Swasey, F. W. 
Taylor, Worcester R. Warner, Charles Whiting Baker, KE. D. Meier, 
Henry L. Gantt, James Hartness, Wm. H. Wiley, Willis E. Hall, 
and the Secretary. The Lord Mayor of Birmingham, Alderman 
W. H. Bowater, heartily welcomed the members to the city on 
behalf of the Reception Committee, whose chairman, Mr. Neville 
Chamberlain, was prevented by a slight accident from being present, 
and expressed the hope that the American visitors would feel when 
the time came for their departure that they had been treated not as 
strangers but as members of the same brotherhood. It was very 
fitting that Birmingham, the birthplace of the English Institution, 
considered the very center of mechanical engineering, should have been 
selected for so important a gathering as the present meeting. Some 
people did not think it a very beautiful city, but its own inhabitants 
were delighted with the darkness of the atmosphere and the ever- 
present smoke because the more plentiful the smoke the greater the 
volume of business in the workshop. 
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The Lord Mayor was followed by Mr. George Tangye, Vice-Chair- 
man of the Reception Committee, who as custodian of the Boulton 
and Watt relics, offered to the Society a framed letter written by 
James Watt in 1777, as a memento of their visit to Birmingham. 
President Aspinall of the Institution in expressing his own apprecia- 
tion of this gift by Mr. Tangye to the American Society referred to the 
close connection between the two nations as illustrated by the fact 
that Boulton and Watt sold to Robert Fulton his first engine. Bir- 
mingham had thus played its part in engineering work on both sides of 
the Atlantic. Another of its citizens, James Wyatt, invented the 
first cotton-spinning machine in 1741 and in the city museum, the 
first hanks of cotton produced by it might be viewed at any time. 
Engineers recognized, he said, how much they owed to Birmingham 
and how much the city had done and was doing, not only in scientific 
advancement by means of their great university, but by the hard- 
headed constructive knowledge and ability of the people who fought 
to keep in British hands by the peaceful weapons of commercial con- 
quest a fair share of the world’s trade. 

Dr. W. F. M. Goss expressed the hearty thanks of the American 
Society for the welcome accorded them and to Mr. George Tangye 
for his generous gift. This was the third official visit of the Society to 
England and previous experience had taught the members how great 
a privilege it was to be the guests of the Institution. Entering Eng- 
land with a recognition of how many practices of the profession had 
their beginning here, they were already in full enjoyment of everything 
found in the country, from the green of the trees and meadows to the 
permanency and beauty which characterized so many of the engineer- 
ing structures. Under present-day conditions the engineer had become 
the world’s great civilizer and in the transforming process in which 
men had been given new occupations and the world of their fathers re- 
placed by a new world, the engineers of England and America had 
had a large part. National boundaries no longer affected them for, 
thanks to the English shipbuilders, the ocean between them had 
become an easy means of communication. The spirit of the two organ- 
izations, if not the organizations themselves, might be federated, and 
to such a result this meeting was sure to prove a contributing 
factor. Mr. Tangye’s generous gift had quite taken them by surprise 
and they would not forget the giver in their enjoyment of the new 
possession. 

_ The inscription on the frame of the memorial was then read: 
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PRESENTED TO THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS BY 
GEORGE TANGYE AT THE JOINT SUMMER MEETING AT BIRMINGHAM IN JULY, 
i910. Dr. Goss added that the letter was both written and signed by 
James Watt, and was very legible and well preserved in every re- 
spect. A photograph of the letter showing the two sides is given 
herewith. It reads as follows: 


Birmingham, May l0th, 1777. 
Dear Sirs 

Yours of the 8th before me. Salmons man is making wheel engine boiler and 
seems to do tolerably well. 

I am astonished how Joseph deceived himself and us in his effect of Bow boiler 
I have not seen him since—but I remember he told me that there was a pro- 
digious odds in the quality of some of their coals by others. Did you say 
whether pushing in the damper to a certain degree did not produce a better or as 
good an effect as opening the hole in chimney—and was you absolutely certain | 
that no feed got into the boiler during time of experiment. 

I think that you are in a good train at Shadwell and recollect no more cautions | 
on that head. 

I have made the best apology I could to Mrs. B. though she talks the words of : 
wrath; she is in very good humour and all are well. 

When | see the table I can reason upon copper boylers. : 

I saw the Battering Ram, or devil incarnate, go today above 60 strokes per | 
minute and work its own regulators. All the stampers were assembled. They 
thanked God that Webb could not make feaders in. He told them he had one 
of these andin hand. Moore wants a score of large ones for hisown use. The ; 
story is all over Birmingham and I expect we shall have customers by the dozen. 
I imagine that they may be made to work forges and tilts fast enough for any 
purpose. 

Cleobury Iron has turned out dammed bad, the piston rod for Huel bussey 
was very well forged by Dixon and upon heating it to float it fell in two at the 
shooting and Joss rejoiced in his heart thereat, but not Joss nor Joseph could 
weld it again—nor would it weld to any other iron by no trick. 

Dixon is fagotting one out of Swedish small bars. 

The branch of Battering Rams may turn out very cursedly, as I dare say no- 
body will attempt them with common engines, and I don’t know if they could 
be made to do. 1 have invented an admirable thing for opening the regulator 
which acts by a spring and does it quicker than thought. All Webb’s fears are 
that when a larger one goes at the rate that his does, that nobody will come 
near it. 

It has demolished all the fixtures many times already, and I suppose must 
be wholly made of cast iron. 

Dangerfield has been here and sett Joss to growling and drinking for two days 
this week. — 

I should make myself easy about profits, if any were coming in at all, but a © 
total stagnation as has been hitherto cannot do at all. I am clear that you © 
should make your bargain sure before you leave London and lett us know what - 
we are to get with some probably, at least. 
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As to the Cornish affair. It has also struek me that [should go first and that 
something should be done before you come. 
Adieu. 


I wish you a clear head and a firm heart on Tuesday. Pray weigh the coals 
and observe the quality. Keep well with Rothwell. T think he deserves it. 


Yours, 


J. Watt. 
Mr. Aspinall then took the chair and at his request a telegram of 
regret was sent to Mr. Westinghouse. 

After the transaction of some routine business the following papers 
were read and jointly discussed, the chair being alternately occupied 
by Mr. Aspinall and Dr. Goss on this and sueceeding days: English 
Running-Shed Practice, by Cecil W. Paget, Member 1. Mech. E., 
General Superintendent, Midland Railway, Derby ; Handling Locomo- 
tives at Terminals, Frederic M. Whyte, Vice-President Am.Soc.M.F., 
General Mechanical Engineer, New York Central Lines, New York; 
Engine-House Practice, F. H. Clark, Mem.Am.Soc.M.E., Chicago, 
Ill.; American Locomotive Terminals, William Forsyth, Mem.Am. 
Soc.M.E., Railway Age Gazette, Chicago, Ill.; and Handling Engines, 
by H. H. Vaughan, Member I. Mech.E. and Am.Soc.M.E., Canadian 
Pacific Railway, Montreal, Can. The discussors were George Hughes, 
James M. Dodge, Henry Fowler, Henry L. Gantt, Arthur D. Jones, 
J. E. Sague, F. H. Clark, Cecil W. Paget, William Forsyth, F. M. 
Whyte and H. H. Vaughan. 


Tuesday Afternoon and Evening 


After luncheon, which through the courtesy of the Lord Mayor, 
was served in the Town Hall, the visitors scattered to enjoy the vari- 
ous trips to places of professional and historical interest in and about 
Birmingham, arranged by the local Reception Committee for both 
Tuesday and Wednesday afternoons. One of these was a trip to 
Dudley Port, Tipton, where inspection was made of the works of the 
South Staffordshire Mond Gas Company, under the guidance of the 
Managing Director, Edmund Howe, Esq., Member I.Mech.E. 
This company distributes gas for power and heating purposesover 
an area of about 123 sq. mi., in what may be termed the industrial 
heart of England. The plant comprises eight producers, each capable 
of gasifying 20 tons of fuel per day and generating sufficient gas to 
drive gas engines of 2000 h.p. continuously. Here also the testing 
station of the Pump and Power Company was visited, which contains 
four Humphrey pumps of various types, the largest of which is 4- 
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cycle, delivering 250,000 gal. per hr. to a height of 35 ft. H. A. 
Humphrey, Esq., Managing Director, Member I. Mech.E., conducted 
the party. 

Another excursion was that made to the works of the Austin Motor 
Company at Northfield, under the guidance of H. Austin, Esq., 
Governing Director, where the range of models manufactured com- 
prises the 4-cylinder engine of the 25 to 30-h.p. type; a smaller model 
of 18 to 24 h.p.; a 15-h.p. 4-cylinder model in two forms, one having 
the engine in front and with narrowed frame used for taxicab work, 
and the other the engine under the driver’s seat, used for landaulet 
or coupé carriages, or light delivery vans to carry loads up to 15 ewt.; 
a 7-h.p. single-cylinder; a 50-h.p. 6-cylinder; and an 18 to 24-h.p. 
4-cylinder of a special type fitted with detachable wire wheels. The 
works of the company occupy over six acres, one building being 
devoted to the machine shops, and the other departments being the 
grinding section, hardening shop, power house, «ngine test-house, 
plating and polishing sections, erecting shop, copper and tinsmith’s 
shop, chassis test-house, wheel building shop, finishing shop, pattern- 
maker’s shop, carriage building shop. The restaurant of the com- 
pany, where the guests had tea, is shown herewith. 

A third party, conducted by the Managing Director, Percy Wheeler, 
Ksq., Member I.Mech.E:, visited the Metropolitan Amalgamated 
Railway Carriage and Wagon Company at Saltley, which covers 20 
acres and comprises a smith, smithy power house, steel under-frame 
shop, machine shop, power house, boiler house, foundry, saw mill, 
gantry, wagon building shop, car body shop and paint shop. These 
works are lighted by electricity generated on the grounds and employ 
about 3000 men. 

The Frankley Filter Beds to which a trip was also arranged, are 
situated near Northfield, and form a portion of the Elan Supply Works 
designed to furnish eventually 72,000,000 gal. per day. Points of 
“special interest are the reservoir, filter washing, pure water reser- 
voirs, pumping station, and the mains and meters. The resident 
engineer, F. N. Macaulay, Esq., acted as escort. On all of these trips 
oa was served at the works, usually in the employees’ mess room, 

ommonly found in English workshops. 

4 An excursion to Stratford-upon-Avon included visits to Shakes- 
| vare’s birthplace, the Church, the Memorial Theatre, Anne Hatha- 
ay’s Cottage, and other points of interest. Tea was served at 
'.e Shakespeare Hotel. Many of our party were interested in the 
‘.ct that The Piper, a play written by one of our own country- 
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women, the wife of one of our members, Josephine Preston Peabody _ 
(Mrs. L. 8. Marks), of Cambridge, was to be produced for the first — 
time on Wednesday evening at the Memorial Theatre, having been 
awarded the £300 prize in a world’s contest. A number of the mem-— 
bers of the Society were present at this initial performance which — 
received much favorable criticism. 7 

A trip was also made to the historic town of Worcester, “The Faith- — 
ful City,’’ where at the Guildhall the Mayor, Hon. Alfred Percy 
Allsopp, and the Corporation of Worcester, welcomed the . 
At the Cathedral, on the eastern bank of the Severn, the Dean, 
the Very Reverend Dr. W. Moore Ede, gave a brief tiseentoal- 
address, tracing the growth of the group of buildings from their be-— 
ginning as a small Benedictine Monastery in 680 A. D., through the | 
building period fostered by the Normans in the eleventh century, their — 
vicissitudes under Henry VIII and again under Cromwell, to their _ 
finalrestoration in 1874. This great cathedral of the Western Midlands 
is simple in plan, and while the restoration has of necessity removed | 
much of the “atmosphere” of antiquity so dear to the American visi- 
tor, the interior has a wonderful perfection of design, and gives proof | 
of the most reverent care. 

The party also visited the Worcester Porcelain Works which were 
founded in 1751 by Dr. John Wall, a distinguished physician and artist _ 
who succeeded in producing one of the most beautiful of the porce-— 
lams and to whom in 1788 King George III granted a patent which | 
gave to Worcester the first royal porcelain works in England; as well 
as the quaint Hospital of St. Wulstan, commonly called the Com- | 
mandery, which dates back to the 11th century. The entire place is — 
rich in historical associations, intimately connected with the Civil | 
War, and is full of carvings, furniture and objects of art. 

Some of the party also visited Stoneleigh Park where, after a view of 
the ruins of the old Cistercian Abbey built in the 16th century, the — 
party proceeded to Kenilworth, exploring the Castle and having tea 
at the Abbey or Kings Arms Hotels. y 

All of these trips were arranged by the Committee with the greatest 
care and forethougut for the welfare and pleasure of the visitors, 
special trains or motor buses as well as guides being supplied in 
every case, and provision being made for both luncheon and tea. On 
the technical excursions these were furnished through the courtesy of 
the companies. 

Birmingham itself contains so many places of professional interest 
that many of the guests took advantage of the opportunity to inspect 
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some of the engineering works located in the city, among the most 
prominent of which are James Archdale and Co., Manchester Works; 
Aston Manor Corporation Electric Power Station; Birmingham Cor- 
poration Electric Supply Station; James Cartland and Son; Elkington 
and Co.; General Electrical Co., Witton Works; Joseph Gillott and 
Sons, Metallic Pen Manufactory; National Telephone Co.’s Ex- 
changes; F. and C. Osler; Taylor and Challen, Derwent Works; 
H. W. Ward and Co.; Webley and Scott; E. G. Wrigley and Co., 
Foundry Lane Works. 

The older part of the city is crowded with these workshops and ware- 
houses, but the modern part is well built and full of fine specimens 
of architecture. Most of its municipal undertakings date back to 
1875 when Mr. Joseph Chamberlain, then its Mayor, inaugurated the 
new era. ; 

A Ladies’ Committee, consisting of the Lady Mayoress, Mrs. 
W. H. Bowater, Chairman, Mrs. Horatio Lane, Honorary Secretary, 
and Mesdames C. G. Beale, George Beech, Eric M. Carter, James 
Chatwin, George Vonaty, A. E. Cutler, David Davis, H. Ashton 
Hill, E. C. Keay, E. Antony Lees, Sheffield, J. D. Steven, William 
Tangye, J. C. Vaudrey and Miss Vaudrey, W. E. Warden, and Philip 
J. Worsley, on Tuesday and Wednesday mornings escorted the visit- 
ing ladies to various points of interest in the locality, providing 
special omnibuses for the trip. 

Many of the members also accepted Mr. George Tangye’s kind 
invitation to visit the Watt room in Heathfield Hall which, formerly 
the home of James Watt, has been occupied by Mr. Tangye for 
the past 25 years. The room is in every detail of its contents 
just as Watt left it, and all who appreciated the splendid genius 
of this early engineer could not but view with reverence the hun- 
dred-year-old stove, containing the ashes of the last fire burnt in it 
while Watt lived; the chest of drawers full of odd bits of metal, scraps 
of wood, mathematical instruments and the like; the first copying 
press, one of Watt’s inventions, now standing with the dust of years 
upon it; his lathe with its lamp and tools untouched and the leather 
apron hung up where he left it; and many perfected or half-perfected 
processes or machines, all showing so clearly his instinct and passion 
for invention. The curator of these relics, Mr. R. H. Kirton, which 
Mr. Tangye long ago presented to the city of Birmingham, made 
the visit doubly interesting by his personal guidance and explana- 
tion. A copy of the portrait of James Watt, painted by Sir William 

Beechy, which hangs in the dining room at Heathfield, is here re- 
produced through the kindness of Mr. Tangye. 
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The brilliant garden féte given by the Birmingham Reception 
Committee on Tuesday evening in the Botanical Gardens at 
Edgbaston, and attended by more than 5000 guests, was remark- 
able for the lavishness of its hospitality as well as for the splendor of — 
the entertainment afforded and the scenic effect produced in the 
grounds. On every hand strings of miniature lamps and Japanese 
lanterns cast a radiant glow upon the paths and the awnings of the 
conservatories and lawn. The Lord Mayor and Lady Mayoress, 
Alderman and Mrs. Bowater, Alderman Sir G. H. Kenrick, Sir 
Oliver J. Lodge, Mr. Henry Lea and Mr. George Tangye, received 
the members and friends in the Floral Hall which was especially decor- 
ated for the occasion. Music was furnished by the band of the Royal 
Marines of Portsmouth and during the evening a series of fine fire- 
works was displayed, including a set piece showing the British and 
American flags crossed in the air. An elaborate luncheon was served — 
in the tents and the American guests were conveyed to and from their 


hotels by special motor omnibuses. 


WEDNESDAY, JULY 27 


The meetings in the Midland Institute were resumed on Wednes- 
day morning at 10 o’clock, when the following cablegram was read 
from President Westinghouse in reply to that of Mr. Aspinall a 
on Tuesday: ‘‘ Express my deep appreciation to Lord Mayor, Aspin- 
all, Goss and Members both associations for their expressions of 
regret because of my absence and for their good wishes. I have the 
highest hope that the Joint Meeting will be of permanent value in fur- | 
ther cementing the relations between the societies, and in promoting 
coéperation between the engineers of the two countries.” 

The following papers were then presented and discussed: High- 
Speed Tools and Machines to Fit Them, by H. I. Brackenbury, 
Member I.Mech.E., Elswick Works, Sir W. G. Armstrong, Whit- 
worth & Co., Newcastle-on-Tyne; Rapid Production in Machine 
Work; Abstract of Data Collected by The American Society of Me-_ 
chanical Engineers, read by John Calder, Mem.Am.Soc.M.E., 
Manager, Remington Typewriter Works, Ilion, N. Y.; Data on 
Manufacturing Methods with Machine Tools, by Luther D. 
Burlingame, Mem.Am.Soc.M.E., Chief Draftsman, Brown & Sharpe 
Manufac‘urirg Co., Providence, R. I.; and Development of High- 
Speed Drilling Machines, by L. P. Alford, Mem. Am. Soc. M. E., 
Engineering Editor American Machinist, New York. They were 
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discussed by J. Hartley Wicksteed, William Lodge, Dempster Smith, 
Frank B. Gilbreth, H. I. Brackenbury, Daniel Adamson, George 
Addy, Alexander Taylor, W. F. M. Goss and John A. F. Aspinall. 

Papers on Tooth Gearing, by J. D. Steven, Associate Member I. 
Mech.E., Messrs. E. G. Wrigley & Co., Soho, Birmingham; and on 
Interchangeable Involute Gearing, by Wilfred Lewis, Mem.Am.Soc. 
M.E., President Tabor Manufacturing Company, Philadelphia, and 
Chairman of the Committee on Standards for Involute Gears, were also 
read in abstract, and were discussed by P. V. Vernon, C. R. Gabriel, 
Luther D. Burlingame, Daniel Adamson, Thomas Humpage, R. M. 
Neilson, J. R. Williams, and Wilfred Lewis. 

President Aspinall moved that the following resolutions of thanks 
to their hosts and to the many people in and around Birmingham for 
the great hospitality which they had extended to the members of the 
two organizations be accepted: 


That the best thanks of the Members of The Institution of Mechanical En- 
gineers and The American Society of Mechanical Engineers in this meeting 
assembled be given: 

To the Right Hon. the Lord Mayor of Birmingham, Alderman W. H. 
Bowater, for his welcome of the President, Council, and Members of the two 
institutions to the city of Birmingham; for his and the Lady Mayoress’s kind 
invitation to a Reception in the Council House; also for his courteously 
lending the Town Hall for the purposes of the luncheons. 

To the Ladies’ Committee for so kindly entertaining the lady visitors. 

To the Chairman of the Reception Committee, the Lord Mayor; the Vice- 
Chairmen, Alderman Sir George H. Kenrick, Mr. Henry Lea, Sir Oliver J. 
Lodge, D.Se., Ll. D., F.R.S., Mr. George Tangye; the Hon. Treasurer, 
Mr. Alexander Fyshe; and the members of the Birmingham Reception Com- 
mittee, for the attractive programme they have prepared for the meeting and 
excursions, and for their hospitable entertainment of the members at the 
garden féte. 

To the Chairman and Directors of the South Staffordshire Mond Gas 
(Power and Heating Co.), the Pump and Power Co., the Austin Motor Co., 
the Metropolitan Amalgamated Railway Carriage and Wagon Co., Mr. F. W. 
Macaulay, Messrs. E. G. Wrigley and Co., Messrs. Mitchells and Butlers, 
Messrs. Walter Somers and Co., and the numerous proprietors of places of 
engineering interest in Birmingham, Coventry, Rugby, and neighbourhood, 
‘or their kindness in throwing open their Works for the visits of members 
and for hospitalities; also to the Birmingham and Midland Institute, the 
birmingham Association of Mechanical Engineers, and various clubs and the 
Birmingham Exchange for the extension of hospitable facilities. 

To the Right Hon. the Earl of Warwick for inviting the members and ladies 
Lo visit Warwick Castle. 

To the Right Hon. the Earl of Clarendon for permitting the members and 
‘adies to visit Kenilworth Castle. 
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To the Right Hon. Lord Leigh for permitting the members and ladies to 
visit Stoneleigh Abbey. ; 
To the Mayor and Corporation of Worcester for their civic welcome; to 
the Very Rev. Dean of Worcester for permission to visit the Cathedral; to the — 
Worcester Royal Porcelain Co., for permission to visit their works; and to Mr. 
Joseph Littlebury for his reception and address at ‘‘Ye Antient Command- 
ery’’; and to Mr. C. J. Seaman for arranging the visit to Worcester. ? 

To the Very Rev. Dean of Lichfield for permission to visit the Cathedral; 
to Councillor Charles Harradjne, chief verger, for conducting the members = | 
and ladies over the Cathedra’; to Councillor William A. Wood, Chairman of — 
the Johnson Birthplace Committee, for conducting them over Dr. Johnson’s — 
house; and to Alderman Herbert M. Morgan, for inviting them to the Old 


Grammar School house, Lichfield 

To the Council of the University of Birmingham for the reception and 
entertainment of the members and ladies at the new buildings. 

To Mr. George Tangye for his invitation to visit the Watt room at his 
residence. 

To Messrs. Alfred Herbert, the Daimler Motor Co., and to the Wolseley 
for their kindness in entertaining the members at luncheon. 


Tool and Motor Car Co., for inviting the members to visit their works, and 
To the Honorary Local Secretaries, Mr. Fred. M. Lea and Mr. Howard 
Heaton, for planning numerous visits to places of interest in Birmingham 
and neighbourhood, and for the admirable arrangements which their fore- 
thought and energy have provided during the meeting. 
To the London and North Western, the Great Western, the Midland, and 


other railway companies of Great Britain for special traveling facilities con- 
nected with the meeting. 


‘The Secretaries of the two societies were instructed to transmit these 
resolutions to the various corporations and individuals and Professor 
Hutton voiced their support by the American members. The reso-— 
lutions were carried by acclamation. 


Wednesday Afternoon and Evening 

Wednesday afternoon, after luncheon again served in the Town 
Hall, was also spent in sightseeing. Many availed themselves of 
the opportunity to visit the new buildings of the University of Birm-_ 
ingham, opened in July 1909 by the late King Edward, which is — 
splendidly equipped for the study of chemistry, physics and mechani- 
cal, civil and electrical engineering. No small part of the formation 
of this, the leading technical college in Great Britain, was due to the 
genius and untiring efforts of Mr. Joseph Chamberlain, who in 1898 
in a public announcement planted the seed of which this great group 
of buildings is now the harvest. It was at the suggestion of an 
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fund was made, that a committee was sent to investigate the work 
done in America, as a result of which the American system of 
engineering was introduced into the University by its Council. Sir 
- Oliver J. Lodge, a man of broad sympathies and of world-wide scien- 
tific reputation has as its Principal done much by his remarkable 
personality to realize Mr. Chamberlain’s ideal that the University 
“be not only a school of general culture but practically assist the 
prosperity and welfare of the district by attention given to teaching — 
science in connection with its application to local industries and 
-manufacturies.” On arrival at the University the party were received — 
on the steps by Sir Oliver J. Lodge and in the rotunda by the Vice- 
Chancellor, Alderman C. G. Beale the Pro-Vice-Chancellor, Alderman 
F.C. Clayton; the Vice-Principal, Prof. R. 8. Heath, and the Profes- 
sors. The buildings and grounds were fully inspected and after tea 
served on invitation of the Council of the University in the Great 
Hall, a magnificent edifice in which all public ceremonies are held, 
the guests returned to Birmingham in the special motor omnibuses 
provided for the trip. 
A trip was made by others to the brewery of Messrs. Mitchells and 
Butlers, at Cape Hill, Smethwick, under the guidance of the deputy 
Chairman, W. Walter Bulter. The malt used in the manufacture of 
beer is produced on the premises, and the beer when finally manufac- 
tured is run into casks by a special apparatus which ensures absolute 
cleanliness. A display of the company’s Volunteer Fire Brigade, 
which has won several prizes, was given in the presence of the visitors. 
The directors provide for the recreation of their employees in 
howling greens, cricket grounds and a football field, as well as 
rooms for ambulance practice, lectures, etc. Conveyances and 
refreshments were offered to the sightseers through the courtesy of 
_ the company. 
_ The reception given by the Lord Mayor and Lady Mayoress in 
the Council House on Wednesday evening, was largely attended 
and much appreciation expressed of the beauty of the floral decora- 
tions and the excellence of the music. The Council House con- 
tains a large reception room and art gallery besides the Council 
(hambers, and all of these were thrown open to the guests. Refresh- 
ments were served in the gallery at the conclusion of the reception, 
and the guests conveyed to their hotels in special motor omnibuses. 
~The Lord Mayor and Lady Mayoress, who personally attended the 
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various functions, not only contributed much to the occasion by their 
presence but very effectively emphasized the cordiality of our recep- — 


tion, 
PHURSDAY, JULY 28 


Both organizations bade farewell to Birmingham on ‘Thursday 


morning with many expressions of appreciation of their delightful 
sojourn and regret at leaving the many friends who had made them 
welcome. The entire day was devoted to sightseeing, all the plans, 
which provided for four alternative excursions, having as an objective 
point the arrival of the members in London that same evening, where 
on Friday and Saturday the final sessions of the meeting were to 


be held. 

The guests on one of these trips visited Coventry where the 
Kdgwick Works and Foundry and also the Head Works of Messrs. 
Albert Herbert were inspected under the personal guidance of Mr. 
Herbert himself, Member of the Institution. This firm manufac- 
tures horizontal and vertical milling machines, capstan lathes, 
automatic screw and turning-machines, light drilling-machines and 
universal grinding machines. Piece work is employed throughout, 
a separate price being given for each operation. On Mr. Herbert’s 
invitation the party took lunch in the new building of the company. 

Some of the party on arrival in Coventry went instead to the works 
of the Daimler Motor Company where they were escorted through 
the buildings by Perey Martin, Esq., Member of the Institution, and 
were interested in viewing the thirteen different trades brought into 
operation at these works, namely, machining, fitting, engine-testing, 
erecting, copper-smithing, electro-plating, etc., the whole occupying 
in shops alone 8} acres of floor-space. The company had provided 
luncheon for the party which was served at the works. 

From Coventry the party proceeded to Rugby, where one group 
visited the works of Messrs. Willans and Robinson, under the guidance 
of the general manager, James C. Peach, Esq., Member of the Insti- 
tution, the principal output of these works being steam turbines, 
steam and oil engines, condensing plants and pumps. Others in-— 
_ spected the works of the British Thomson-Houston Company, with 
the chief engineer, H. N. Sporborg, Esq., as escort. This company 
- manufactures electrical apparatus and Curtis turbines for traction, — 

lighting and power purposes. ale 
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Another trip took the sightseers to Lichfield, stopping at Hammer- 
wich en route, where under the guidance of the engineer, H. Ashton | 
Hill, Esq., they visited the Pipe Hill Pumping Station of the South 
Staffordshire Water Works Company, which supplies a population 
of nearly three-quarters of a million. At Lichfield they were shown 
through the finely-proportioned three-spired cathedral one of the best — 
existing types of the fourteenth century English church, by the chief — 
verger, Councillor Charles Harradine. This edifice is constructed 
of red sandstone and the western fagade, the principal entrance, 
has a wonderful richness of decoration. In this same town also, Dr. 
Samuel Johnson was born and the party were fortunate in viewing his | 
birthplace under the guidance of the Chairman of the Johnson Birth- 
place Committee, Councillor William A. Wood. In the middle of 
St. Mary’s Square, facing his father’s house, is a colossal statute 


of the doctor himself, which looks down upon the spectator from a 
pedestal ten or twelve feet high. Alderman Herbert M. Morgan, ex-_ 
Mayor of Lichfield, took the visitors through the Old Grammar 
School, where Johnson, Addison, Elias Ashmole, Garrick and Darwin 
once sat upon the rude benches and no doubt spent many uncom-_ 
fortable hours. 

Other members of the Society visited the works of the Wolseley 
Tool and Motor Car Company at Adderly Park, about two miles 
from the center of Birmingham, which devotes exclusive attention 
to the manufacture of motor-cars and petrol engines for marine, — 
aeroplane and various purposes, and is equipped with high-class — 
machine tools. 

The rest of the travelers made a trip to Kenilworth, Warwick and 


Stratford-upon-Avon, one group proceeding first to Kenilworth, 
thence to Guy’s Cliff and Warwick, and concluding with a visit to 
Stratford; and the other going first to Stratford and from there 


to Warwick and Kenilworth, the two parties passing each other 
en route. In one case luncheon was procured at Warwick, and 
in the other at Stratford, in the old Red Horse Hotel which an 
American finds it impossible not to associate with our own Washing- 
ton Irving. 


courtier, the Earl of Leicester. The picturesque Guy’s (liff, which 
contains the cave in which Guy, first Earl of Warwick, is fabled 
to have passed his latter days and to have been buried, formed a_ 
fitting introduction to the gray towers of Warwick which King 


At Kenilworth the party viewed the magnificent ruins of the old 
castle, so full of memories of the days of Elizabeth and of her 
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the reality of the mirrored image and the unreality of the upper 
structure seems amply ees. Beier the courtesy of the Earl of - 


beauties was ‘heen open to the visitors. 
At Stratford-upon-Avon, now a successful place of business and 
often for that reason a disappointment to the visitor because of © 
its ‘newness,’ the party visited Shakespeare’s birthplace where 
the beholder must always marvel at the contrast presented in the 
humble surroundings of the man whose splendid imaginings have 
so peopled our world; the church in which stands his tomb en-— 
graved with the famous “curse’; Anne Hathaway’s Cottage of | 
much the same rude order as Shakespeare’s house; and the Memo- 
rial Theatre, a more modern structure. On all of these excursions 
as on the previous day, the amplest provision and care had been 
made for the conveyance and refreshment of the travelers. 7 
More than 800 guests, even after this strenuous day, assembled 
in the evening at the delightful conversazione given in the rooms of 
the Institution. This building, which has been erected since oa 
former visit of the American members to England in 1889, was much 
admired by all for the beauty of its architecture and decorations 
and for its fine site overlooking the waters of St. James Park. Presi- 
dent and Mrs. Aspinall received the guests in the large hall which 
is decorated with Hungarian oak panellings, surmounted by = 
walls and enriched ceilings. During the evening, music was rendered 
here and in the library by the band of the Royal Artillery and by 
several fine vocalists. A short lecture illustrated by lantern slides 
was given by Dr. H. 8. Hele-Shaw, on Stream Line Experiments 
Illustrating Aeroplane Stability. Refreshments were served in _ 


Marble Room. 


The concluding professional session of the Knglish Meeting was held _ 
on Friday, in the Institution House of the Civil Engineers, which is 
diagonally opposite the headquarters of the Mechanical Engineers. 
On account of the fatigue of the previous day the attendance was 
small, but those who were present were repaid by the opportunity 


, Cymbeline is said to have founded at the beginning of the Christian 
era. Thea river Avon which flawe tha ractla cn narfartly ra 
flect 
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of meeting in the dignified rooms of the Institution and of participat- 
ing in the discussion of especially 2ble papers on Electric Traction. 
The societies were welcomed by Mr. Alexander Siemens, Senior Vice- 
President, who expressed the Institution’s great pleasure in thus offer- 
ing to the meeting the use of their theatre. President Aspinall 
responded and in expressing his thanks spoke of the improbability 
that another such gathering would be held in the historic building, 
because of the early occupation by the Institution of their new home. 
Dr. Goss, on behalf of the American members, spoke of the charm 
such a building had for those from a newer environment and of their 
appreciation of being able to gain some acquaintance with the In- 
stitution. 

The following papers were then read in abstract: Electrification ; 
of Suburban Railways, by F. W. Carter, of Rugby; The Cost of | 

Electrically-Propelled Suburban Trains, by H. M. Hobart, of Lon-— 
don; Economies of Railway Electrification, William Bancroft Potter, 
Mem.Am.Soc.M.E., Engineer, Railway and Traction Department, 
_ General Electric Company, Schenectady, N. Y., presented by H. 
H. Barnes, Jr., of New York; The Electrification of Trunk Lines, by 
L. R. Pomeroy, Mem.Am.Soc.M.E., J. G. White, Co., Inc., New 
York, N. Y.; The Electrification of Railways, by George Westing- 
house, President Am.Soc.M.E., Pittsburg, Pa., presented by Charles 
F. Scott, of Pittsburg. These were discussed by Charles F. Scott, 
H. F. Parshall, J. Dalziel, Sidney Stone, Edgar Worthington, H. M. 
Hobart, Angus Sinclair, J. G. Wilson, F. R. Hutton, F. W. Carter, 
H. H. Barnes, Cary T. Hutchinson, and J. R. Williams. 

The following resolutions of thanks were then put to vote and 
carried by acclamation: 


To Dr. and Mrs. Maw.and Sir John and Lady Thornycroft for their kind 
invitations to the members and ladies to attend garden parties. ; 

To The Times for the invitation to visit their printing works. 

To the Council of the Institution of Civil Engineers for so kindly placing 
_ their lecture hall at the disposal of the members for the purposes of the London 
meeting. 

To His Worship the Mayor of Windsor, Councillor C. F. Dyson, for cour- 
teously lending the Guildhall for the purposes of the luncheon in Windsor; 
also to His Worship and Mr. George Mitchell, Mr. Christopher Sainty 
and Mr. George Willis for conducting the members and ladies at Windsor. 

That the Secretaries of The Institution of Mechanical Engineers and The 
American Society of Mechanical Engineers be severally instructed to transmit 
the above resolutions to the various corporations and individuals who have _ 
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done so much to make the Joint Meeting enjoyable and memorable on both 
sides of the Atlantic. 


Prof. F. R. Hutton made the concluding remarks of the session, 
speaking at some length of the enjoyment of the American members 
of the Birmingham and London meetings, and offering the following 
additional resolutions: 


The American Society of Mechanical Engineers, present by invitation at the 
closing session of the Joint Summer Meeting of 1910 with The Institution of 
Mechanical Engineers, asks permission to offer for record the following minute, 
and requests its Acting President to put the resolution to vote: 

The American Society of Mechanical Engineers has been enveloped in an 
atmosphere of courteous, friendly, and devoted attention from the moment 
that the vessel which carried the official and organized party entered the River 
Mersey at Liverpool. Beginning with a reception on the steamer, at which 
the President and Secretary of the Institution officially welcomed the party, 
in conjunction with representatives of the city and other interests of that pro- 
gressive corporation, and continuing through the arrangements for comfort- 
able and convenient transportation by train to the place of first meeting; pro- 
_ viding on arrival for prompt and satisfactory hotel accommodation, and for 

organizing, in a masterly way, which extended even to the most minute details 

’ for the enjoyment of the visitors on excursions, in affording opportunities to 
visit works, for transportation, and for motor drives in the historic Midlands 
_ of England, The Institution of Mechanical Engineers has placed The American 
Society of Mechanical Engineers under an obligation which no mere words 
7 _ or resolutions are an adequate medium to discharge. The visitors can only 


~ assure the home Society, its President, its Council, its Secretary and its organ- 
izing committee that just because they are themselves organizers and doers 
they are able most thoroughly to appreciate such work well done. 
The American Society also appreciates most sincerely the generous purpose 
which has spared no sacrifice when the desired object of the hosts has had to 
be met by the ordinary commercial procedure as respects outside parties. 
Hence the Society moves and seconds the following resolutions: 
Resolved, that The American Society of Mechanical Engineers desires, in 
addition to the resolutions passed in Birmingham thanking those who had put 

_ both bodies under a pleasant debt of obligation, to put on record the follow- 

_ ing special resolutions of thanks: 

Resolved, that The American Society thanks The Institution of Mechanical 

Engineers, its President, Council, Secretary and Committee for their cease- 

_ less, unremitting, and painstaking effort for the pleasure and success of the 
=. Joint Meeting of 1910 in Birmingham and London. 

Resolved, that this Joint Meeting will be a memory of delight and pleasure 
for all the Americans who have been privileged to share in it. 

Resolved, that The American Society of Mechanical Engineers desires to 
thank the Birmingham Reception Committee for certain special considera- 
tions at their hands, which were extended exclusively to the American mem- 
; bers of the Joint Party, and requests the Institution to be the channel for con- 
veying such action of thanks. 


 — 
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Resolved, that The American Society of Mechanical Engineers desires by 
this action to express for the ladies, who have accompanied the members, some- 
thing of the appreciation of both members and ladies for the delicate and con- 
siderate attention which has made their participation a delight and a possi- 
bility. The members feel that international friendships springing from these 
days of close and enjoyable association are sure to last forward into future 
happy years. 

Resolved, that The American Society of Mechanical Engineers requests - 
The Institution of Mechanical Engineers to incorporate this minute and action | 
as part of its record of the Proceedings of the Joint Summer Meeting of 1910. 


These were carried by the rising vote of all the Americans 


present. 
om Friday Afternoon and Evening 


Two very enjoyable garden parties were given on Friday after- 
noon, one at the home of Dr. William H. Maw, Esq., Past-President 
of the Institution, and Mrs. Maw, at Addison Road, Kensington, 
and the other at Eyot Villa, in Chiswick Mall, the home of Sir John 
Thornycroft, Member of the Council, and Lady Thornycroft, at both 
of which the visitors were given a delightful glimpse of English 
home life. 

A number of members also inspected the British Museum, and 
the Times Office in Printing House Square through which they 
were conducted by the Chief Engineer, J. P. Bland, Esq., Member 
I.Mech.E. These offices stand on the site of the building from 
which the paper was first issued in 1785. 

An event to which the American members had looked forward 
with much delightful anticipation was the banquet given by the 
Institution on Friday evening in the Connaught Rooms, the largest 
dining hall in the city of London. After the usual toasts to the 
Crown had been given, President Aspinall proposed The President 
of the United States, which was acknowledged by the American 
Ambassador, the Hon. Whitelaw Reid. Mr. Reid said that he re- 
garded this toast not only as a tribute of high regard for the personal 
character of the present occupant of the Presidential chair, but 
also a token of profound respect for the whole country over which 
he ruled, and that he believed the material conquests which had 
created and developed the great empire of America, occupying more 
than one-quarter of the habitable surface of the globe and comprising 
nearly one-third of its inhabitants, were due to no class more largely 
than to the mechanical engineers of the two countries represented 


at this gathering. 
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Sir William H. White in giving the toast, The American Society — 
of Mechanical Engineers, recalled the fact that it was founded but 
30 years ago and yet had now a membership of about 4000. He 
_ referred particularly to the long years of service for the Society of — 
Prof. F. R. Hutton, who, he said, had together with the present 
Secretary, promoted the Society’s growth and success, and that by 
virtue of their ideals for its welfare the American organization was _ 
safe in their hands. Professor Hutton in responding said that the 
present gathering was the culmination of a series of meetings of | 
mechanical engineers on both sides of the Atlantic, and that the— 
profession which they represented underlay the civilization of the 
Anglo-Saxon race. The American was much at home in the United | 
Kingdom because he and his host had a common ideal. | 
A toast to Our English Guests, proposed by Edward B. Ellington, © 
Vice-President of the Institution, was acknowledged by Dr. R. T. 
Glazebrook, Director of the National Physical Laboratory; and the 
final toast of the evening, The Institution of Mechanical Engineers, | 
given by Dr. W. F. M. Goss, was answered by President Aspinall. 
Among the guests of the evening were James M. Dodge, Oberlin 
Smith, A. H. D. R. Steel-Maitland, M. P., Dr. Worcester, Mr. and | 
_ Mrs. J. Hartley Wicksteed, Mr. and Mrs. F. W. Taylor, Dr. and Mrs. 
Wm. Maw, Charles Hawksley, the Lord Mayor and Lady Mayoress | 
of Windsor, E. P. Martin, Mr. and Mrs. Ambrose Swasey, Charles - 
Kirchhoff, J. L. Griffiths, United States Vice-Consul, Mr. and Mrs. | 
John R. Freeman, Sir Gerard and Lady Muntz, Henry Lea, C. F. 
Scott, Mr. and Mrs. Jesse M. Smith, Mr. and Mrs. James Hartness, — 
Mr. and Mrs. Wm. H. Wiley, Calvin W. Rice, Mr. and Mrs. Willis | 
E. Hall, Mr. and Mrs. Henry L. Gantt and Dr. Hele-Shaw. Music — 
was furnished during the evening by the Imperial Orchestra. 
% 


All-day excursions to Windsor and Marlow occupied Saturday, 
_ half of the party leaving London by special train for Windsor and — 
proceeding by the special steam launches, Empress of India and | 
Majestic, to Marlow, and the other half going by train to Marlow | 
and thence to Windsor by the launches, His Majesty and Princess — 
Beatrice, the two groups passing each other on the river. A view of | 
the two parties is given herewith. In one case luncheon was served | 
in Windsor at the Guildhall, with tea at the Compleat Angler and — 
George and Dragon Hotels in Marlow, a picturesque fishing resort; 


& 
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while in the other the party had luncheon on the launches and tea 
in the Guildhall. The trips on the launches were most enjoyable 
and gave a complete idea of life on the Thames, including the ; 


famous Henley regatta, then in progress. At Windsor, the Lord 
Mayor, Councillor C. F. Dyson, Alderman George Mitchell, Mem. 
I.Mech.E., Christopher Sainty, Mem.I.Mech.E., and George Willis, 
_ Assoc. Mem.I.Mech.E., personally conducted the party about this 
_ favorite residence of the English monarchs. 
On Saturday evening Sir William H. White, Past-President of the 
_ Institution and an Honorary Member of the Society, together with 
Lady White entertained the Councils of the Institution and the 


Society at dinner in the Garden Club, which overlooks the grounds 


of the Japan-British Exposition at Shepherd’s Bush. The pictur- _ 
_ esque Japanese Gardens, with their flavor of old-world romance, and _ 
the fine exhibits of ancient and feudal Japan, contrast strongly with 


the wonderful modern enterprise of both nations, and make the spot 
vastly interesting. Many Americans took advantage of the oppor- 
tunity to see this Exhibition, assembling later in the room which 


had been especially set aside for the purpose by those in charge. 
4 


SUNDAY, JULY 31 


min Baker Memorial Window in Westminster Abbey, which was 
unveiled on December 3, 1909, and it wasa pleasure to have an oppor- 
tunity on Sunday evening of viewing it. The window, which 
is situated on the north side of the nave, contains two lights 
] having the figures of King Edward III and Abbot Simon Langham, 
under canopies, both lights being framed with borders containing 
niches which hold twelve statuettes and as many shields. Below 
these is the inscription on tabiets held by the figures of angels: 
_IN MEMORY OF SIR BENJAMIN BAKER, CIVIL ENGINEER, FORTH BRIDGE, 
-ASSUAN DAM. B. 1840. pb. 1907. The members assembled in the 
Dean’s Yard and were conducted through the Abbey with its many 
_ famous spots by the Sub-Dean, the Very Reverend Dr. Duckworth. 
At the vesper service in the nave, at seven o’clock, seats had 
been assigned to the representatives of the two societies and in his 
sermon the Bishop of Lewes gave a special greeting to the American 
visitors, of which 250 were present. 
Taking his text from I Cor. xii. 5, “‘There are differences of admin- 
istration, but the same Lord,” the Bishop declared this to be the 


Interest has long been manifested by the Society in the Sir Benja- aa 


> 
je 
| 
| 
> 
al 
? 


630 THE MEETING IN ENGLAND 


exact opposite of the theory that everybody ought to be alike. Each 
had his special place and value, which were appraised differently 
by men but not by God. There were also differences of method, 
and not all seemed successful. Here amidst the memorials of the 
mighty dead we were never allowed to forget for one moment the 
rast range of God’s workings in the life of men. Men great in war 
and great in peace, men far from perfect, each humanly weak, were 
here, but here because of the power of ministration that was in them. 
Differing widely in gift, method, opportunity, they were united in 
being searchers after the truth, interpreter’s of God’s plans and pur- 
poses for man, men who tried to serve their generation by the will 
of God. Sir Benjamin Baker was such a worker in the field of engi- 
neering service. The builder of Forth Bridge hardly needed any 
further remembrance, but as a man of noble character, as well as a 
scientific genius, he belonged among those who shared his talents 
and his strenuous life to interpret God’s plans to men. 

This service was regarded as the benediction of the meeting 
in England, which could not have been more appropriately ended. 

On Monday evening, on the eve of departure on their second 
world tour, Ambrose Swasey, to whose forethought, wonderful tact 
and administrative ability it is not too much to say that a great 
part of the success of the Society’s trip to England is due, together 
with Mrs. Swasey gave a dinner to the members of the Council of 
the American Society in the Hotel Russell, London. Leave takings 
were general on every side, some of the party going on to the Conti- 
nent and others returning at once to America. 

Among the kindly messages received during the English Meeting 
was the following telegram from the Junior Institution: ‘‘ President 
Sir Henry Oram and Council Junior Institution Engineers desire 
join expressions welcome American Society Mechanical Engineers on 
visit Great Britain.’”” Every member also received from the Presi- 
dent of the Institution of Mechanical Engineers a very handsome 
brochure, containing portraits of the Presidents of the two organi- 
zations represented at the meeting, and brief biographical 
sketches of George Stephenson, Matthew Boulton, James Watt, 
Richard Trevithick, Robert Fulton, and William Symington, pro- 
fusely illustrated with portraits and with quaint designs reproduced 
from Stuart’s Anecdotes of Steam Engines, published in 1829. 

Such an account as is here presented can give but a glimpse of the 
visit to England, remarkable for its comfort and sociability and for 
the vast entertainment provided by the English Society, presenting 
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as it did a happy combination of the technical and social features 
which were all blended together in the increased mutual regard, as 
removed from rivalry, of these two great national organizations. 
As no American can find himself a stranger in this land of his fore- 
fathers and his traditions, so no member of a professional organiza- 
tion on this side of the water can come in contact with those of a 
similar vocation in England without experiencing a sense of common 
ideals and common aims. Of the wonderful hospitality accorded by 
the English Institution too much cannot be said; nor can thanks 
ever express to the British members the gratitude and pleasure of 
their American guests. Not the slightest detail seems to have been 
omitted, the machinery of the entire gathering moving so perfectly 
as to be practically invisible. The finely prepared program, with 
its maps covering every inch of the ground to be traveled during the 
meeting, was an illustration of this wonderful attention to detail, 
including information, in addition to fullest data of meetings and 
trips, which met every possible want of the traveler, from res- 
taurant locations and cab fares to the dates of departure of steam- 
ships carrying mails. The many welcoming hands held out on 
every side made the meeting a homecoming rather than a visit, 
to be looked back upon by all as a red-letter season in the life of the 
Society. The greeting of the English engineers when they shall 
next come to American shores, in a way worthy of their own wel- 
come, is already joyfully anticipated by our members. 
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SYMPOSIUM ON LOCOMOTIVE HAND- 
LING AT TERMINALS 


No. 1290a 


ENGLISH RUNNING-SHED PRACTICE 


By Ceci, W. Paget, DersBy, ENGLAND 


7 M. I. Mech. E. 
Tue RunninG-SHED Bumpines 
The running-sheds in England are of two types: 
a Those in which the roads are laid parallel, usually called 
straight sheds. 
b Those in which the roads radiate from a center turntable, 
called round sheds. 

2 The straight sheds are economical in first cost and maintenance, 
but unless they are of the type known as “through sheds” they are 
awkward to work; the latter class are necessarily drafty. 

3 The center turntable type, though more expensive to build, 
possesses considerable advantages of working because engines can be 
easily got in and out without moving others. The radial arrangement 
of the pits also lends itself better to lighting and convenience of 
vetting about. There is plenty of room towards the end of the pits 
for fitters to work at the bench between two engines, and the work of 
washing out boilers, swilling out pits, and general cleaning can be 
done without inconvenience. To set against these advantages, there 
is the objection that when the turntable requires lifting for repairs 
it throws the whole of the pits served by it out of use whilst the 
repairs are going on. 

4 Plans are shown of two of the most recent sheds built in this 
country: 
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a Figs. 1 and 3. The Great Western Sheds at Old Oak 
‘ Common, center turntable type. (Similar type shown in 
Fig. 4.) 
6b Figs. 2 and 5. The London & South Western Shed at 
Kastleigh, through straight type. 
5 ‘The necessary offices, stores, mess-rooms and lavatories should 
_ be conveniently placed, and reference to the plans will show their 
arrangement in the two sheds referred to, which may be taken as 
examples of the latest British practice. Illustrations are also given 
of a typical mess room and lavatory, Figs. 7 and 8. The lavatory 
illustrated is equipped with shower baths and a separate locker 
is provided for every man employed at the shed. The cleaners, and 
_ particularly the enginemen, appreciate and regularly use the lava- 
~ tories and shower baths. 

6 Sheer-Legs and Fitters’ Appliances. Attached to every shed of 
any size are sheer-legs capable of lifting one end of an engine so that 
_ the wheels and axle-boxes may be removed for examination or repairs. 

These legs were made almost universally at one time of wood, and 

of the tripod type, the single leg on one side of the rails being of © 
- extra strength and carrying the lifting gear. The disadvantage 
of this type, of which many are still in existence, is, that now that so | 
many engines have extended cabs, the legs have to be of great height 
in order to allow of the trailing wheels being taken out, as the cab top 
has not room to rise between the frame of the legs. This difficulty 
was sometimes overcome by forming the top of the legs of bow- 
shaped iron castings, whilst two wooden struts were placed on either 
side. ‘The most modern construction is, however, to use a framework 
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of steel joists, the top cross-girders and gussets leaving sufficient 
head room for any contingency. An example of legs of this type is 
shown in Fig. 9. To some modern examples is attached a small jib- 
erane, which is of use in taking off the bogie-frame for examination, 
loading wheels, ete. A capacity of 15 tons used to be looked upon 
as amply sufficient, but the large increase in the weight of engines | 
in recent years has led to stronger legs being required, and the more 
modern ones are capable of raising 35 to 40 tons. The load is usually 
lifted by hand by means of a crab or train of wheels operating a chain 
or wire rope, which works round a sheaf or set of blocks. In some — 
‘ases, where hydraulic power is available it is employed, but the 
more modern method, where current can be obtained, is to use an 
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7 The position of the sheer-legs relative to the shed depends 
largely upon local circumstances, but in sheds where the pits radiate 
from the table and the building is a square one, a set of legs is usu- 
ally fixed on one of the longer roads, that is, one of the roads lead- 
ing to the corners of the shed, as better work and more care are 
probable where men can work without being exposed to the weather. 
In all cases, whether outside or indoor, the legs are placed over a pit 
which is usually 2 ft. 10 in. deep below rail level. 

8 Very little tackle of a special nature is required by shed fitters, 
but amongst those things which must be always at hand are jacks, 
hydraulie and bottle, for lifting engines to change bearing springs, 
etc., lever and stands, to allow of axle boxes being tried up the horn 
plates, wood blocks to act as temporary axle boxes, clamps to draw 
engine and tender together to facilitate uncoupling, iron lorries to 
put under engine when the bogie has been removed, wood blocks to 
pack engine on, ete., as well as a good supply of ordinary shop tools. 
If not attached to the sheer-legs a small crane is useful to lift a bogie- 
frame off the axles when required, whilst a pair of 2-cwt. pulley blocks 
are often employed to allow of the boxes being tried on the axles. 

9 Where engine and tender springs stand above the platform of 
the framing, a claw-spanner about 8 ft. long with one jaw much longer 
than the other is often employed to allow of changing the springs 
without lifting. 

10 Fitters’ Stores. The stock of materials and fittings necessary to 
repair or keep an engine in service should be kept down as low as 
possible consistent with efficiency. The card system with a maximum 
and minimum for each article is quite commonly in use, and enables 
a check to be kept on stock in hand and the time in which deliveries 
are effected. The amount of the stock depends largely upon an 
efficient system of supply. It is very easy to have large sums of 
money lying idle, unless a very close watch is kept upon this section. 

11 The Lancashire & Yorkshire Railway Company distribute 
stores to the sheds on their system by vans, of which three are sent 
out daily. The vans are designed for dealing conveniently with 
stores, and are fitted with swing-jibs and pulley-blocks for handling 
‘ie heavier articles. The system works very satisfactorily and a 
“ick delivery is ensured, material ordered over night being delivered 

» next morning at 8.30. The vans are worked on passenger trains 

d have resulted in freeing the passenger-station platforms, whilst 
|| expense of delivering stores has been materially reduced. 
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2b Lighting of Locomotive Sheds. As the greater part of the clean- 

ing of locomotives has to be performed during the night, the question 
of the lighting of locomotive sheds has received considerable attention 
on many railways. In the majority of cases where gas is available 
it is employed, as electric light until the recent development with 
metallic filament lamps, has only been economical where are lamps 
are used, and such large units of light are not required. In properly 
lighted sheds incandescent gas is usually employed, and this allows 
of adequate illumination at reasonable cost at the points required. 
Two considerations chiefly govern the successful lighting of ashed, 
these being that the boilers of the engines should be well lighted, 
and also that sufficient illumination should be shown on the motion 
work, the latter object being the more difficult problem. 

13 With straight sheds the position of the lights is naturally 
restricted, the lamps having to be placed in rows between the engines, 
and if they contain two mantles, each consuming 3 cu. ft. of gas per 
hr., and are spaced 35 ft. apart and 11 ft. high, the result will be 
satisfactory, although as the length of the engines stabled will differ, 
the best light is not always at the point required. 

14 With round (turntable) sheds a different arrangement is 
required, as the table has to be lighted separately, usually by four 
lamps placed so that they will not be affected by the exhaust of 
the engines running on and off the pits. The lighting of the sides 
and motions of the engines is a simpler matter than with straight 
sheds, as the smoke-box end of the locomotive always faces the table, 
and the motion is always about the same distance from the center. 
Lamps can alternately be placed so as to throw their light in the 
motion on one side, and opposite the cab on the other, as shown in 
Fig. 10. Long roads which hold two engines, it will be seen, require 
two lamps. In some cases the employment of high-pressure gas 
(10 in. of water) is found to be advantageous, as a light of about 
500 candles is obtained with a consumption of 20 cu. ft. of gas. 

| The result of this type of lighting is particularly good, as will be 
seon from a photograph of a shed lighted in this way, Fig. 4. In 
many eases fittings are provided in the shed pits to afford a movable 
ligt, or allow of flexible connections being used for a portable light. 
‘5 Arrangements for Washing Out. Washing out is usually done 
ins’ de the shed with cold water, and mains with a good head of water 
arc laid having hydrants at convenient places. Washing out with 
ho: water, though very desirable, is not at present in general use, but 
in iew of the importance of the matter, it has been thought that a 
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description of the apparatus erected by the North Eastern Railway at 
Gateshead would prove interesting. 

16 An engine is brought in with about 60 lb. of steam still in the 
boiler, and by means of a flexible metallic hose-pipe a connection is 
made between the blow-off cock on the engine and the blow-off line 
of piping to the tanks which contain the hot water for washing out 
and filling. The engine is then blown off, and the water and steam 
pass away to a separator on the top of the tank containing the 
washing-out water. The water falls down through a coke filter-bed 
(which arrests any scale) into the tank, and the steam passes away 
through a pipe to a chamber on the top of the tank which contains 
the filling water, where it meets pure cold water from the main water 
supply. This water is heated up by the steam and falls into the 
tank. 

17 When the engine has been fully blown off, which occupies from 
10 to 20 min., according to the size of the boiler, the blow-off hose 
is disconnected and an armored hose wash-out pipe is connected 
to another line of piping through which the water from the wash-out 
tank is pumped, and the engine is washed out in the usual manner. 
A duplex Worthington pump, capable of delivering 450 gal. per 
min., is used for pumping the wash-out water, and this is automati- 
cally controlled so as to give a pressure of 60 lb. persq.in. By means 
of the thermostatic valve the temperature of the wash-out water is 
maintained at 140 deg. fahr., which is as high a temperature as can 
be conveniently handled by the men. 

18 When the washing out has been completed, and all the plugs and 
and mud-hole doors have been put back, the hose is shifted on to 
another line of piping and the boiler filled up from the filling tank with 
water at not less than 180 deg. fahr. This is pumped from the filling- 
tank by a duplex pump similar to the one mentioned above. A 

hermostatic valve automatically opens a valve to supply live steam 
for heating purposes to the filling tank when the temperature of the 
water in it falls below 180 deg. fahr., and shuts off the supply of steam 
on reaching that temperature. The waste steam from the engines 
that are blown off is, however, usually sufficient to give the required 
heat to the water in the filling tank, and it is rarely that it is necessary 
|» use live steam for this purpose. The filling and wash-out tanks 
' »ld 6000 gallons of water each, and several engines can be blown off, 
\.ashed out, or filled up, at the same time. Figs. 11 to 13 are dia- 
grams of the arrangements of this system. With the hot-water 
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filled up, and in steam about two hours from commencement of the — 
operation without the boiler plates, etc., having been subjected to © 
detrimental changes of temperature. 
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wagons up an inclined road to a stage where it is unloaded into small 
tubs on wheels. ‘The stage is of such a height that when the tubs 
are run out on to.a small tipping stage projecting from the main 
stage they are over the tender, which is alongside, to be coaled. The 
small stages are hinged and weighted so that their normal position is | 


19 Methods of Coaling. The general method is to push the coal in 
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clear of the loading gage. In some cases power-cranes are used, 
but the method described above is the most general. 

20 The South Eastern Railway Company use a power-driven 
elevator, Fig. 14. The elevator consists of 20 buckets, each holding 
about 4 ewt. of coal when loosely filled. The buckets travel on an 
enjless pitch chain which runs over two toothed wheels, one wheel 
being at the upper end of the frame under the roof of the stage, and 
the other at the lower end in a pit some 7 feet below the floor of the 
cou! stage, into which pit the coal is shoveled direct from the coal — 
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wagons on the inside road. An electric motor, placed on a bracket 
fixed to the roof of the coal stage and wall of engine-shed, making 
about 550 r.p.m., drives by belting a countershaft on the top of the 
elevator frame; a pinion on this shaft gears into a spur wheel, which 
drives the top chain-wheel, the speed of the chain-wheels being about | 
25 r.p.m. Working at this speed, the buckets deliver coal down a 

wooden shoot on to the tenders at the rate of about one ton per minute. 
The coal is delivered close to the top of the tender. Gear is provided 
for lifting the shoot clear of the loading gage. To avoid jamming 


the buckets in the pit with an accumulation of coal, and preventiiy 
the motor starting, an automatic switch has been devised by whic: 
the action of raising the handle of the slide admitting coal into the pi'. 
starts the motor before the slide is actually moved, a water spray |») 
lay the dust being turned on at the same time. 

21 Sand Furnaces. Sand furnaces are provided in connectio: 
with every running shed, because it is important that the sand us! 
should be dry; quite equal to this in importance is the necessity |’ 
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its being thoroughly sieved, so that no lumps can be present which 
might render the steam sanders ineffective. 

22 Ash-Pits. Ash-pits are provided in suitable positions so that 
engines may be placed over them on their way back to the shed. 
The fire is raked into the pit and quenched. The ashes and clinker 
are afterwards thrown out and the pit kept clean, so that the drivers 
can move about in it freely to examine their engines. A path about 
3 ft. wide is kept swept at each side of the pit for the same purpose. 
The ashes are thrown on to plates beyond these paths and loaded up 
by the engineer’s ballast gangs daily. 

23 Water Softening. Few English railways have adopted water 
softening extensively, though several use it on a limited scale. The 
softeners in use may be divided into two groups, namely, continuous- 
flow softeners, represented by the Desrumaux, Kennicott, Pulsometer, 
Reisert, Porter-Clark, and other types; and intermittent-type soft- 
eners, represented by the original Clark process and the Archbutt- 
Deeley! plant. In all softeners the chemical treatment is the same. 
The water is treated with a caustic alkali, usually milk of lime or 
lime-water, which, by combining with the free and half-combined 
carbonic acid and decomposing magnesium salts, precipitates the 
calcium carbonate and magnesia, and by the further addition of soda- 
ash the remaining calcium salts are decomposed and the removal of 
the scale-forming matter is completed. In the continuous-flow 
plants the chemicals are added to the water during its flow through 
the softener, and the precipitate is either collected on sloping plates 
arranged so as to divide the water into a series of shallow layers in 
which settlement takes place rapidly, or a filter press may be used 
as in Porter’s arrangement. These plants occupy the least ground 
space, and the water loses very little head; they are best suited for 
waters which do not vary much in composition, such as those derived 
from deep wells or springs. In the intermittent-type plants the 
chemical treatment takes place in tanks in which a large volume of 

water is thoroughly mixed with the chemicals and allowed to remain 
quiescent until the precipitate has settled out and clear water can be 
drawn off, a continuous supply being obtained by using two or more 
tanks. In Clark’s process very large tanks were needed owing to 
the slow rate of settling; but in the Archbutt-Deeley system the 
rate of settling is accelerated by stirring up the old precipitate, and 
much smaller tanks are needed ; this type of softener is specially adapt- 
ed for the treatment of waters which are variable in composition. __ 
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24 There are certain inconveniences connected with the use of 
softened waters, as if the soluble salts reach from 150 to 300 gr. 
per gal. priming will take place. This will more readily occur 
when sodium salts are present, owing to the use of soda-ash to decom- 
pose the sulphates and chlorides. If, owing to the impurities, 
it is necessary to soften the water with soda-ash, arrangements must 
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be made to prevent trouble arising owing to concentration of salts 
in the boiler. This may be done either by changing the water, 
r by the use of blow-off or scum cocks, but neither method is at 
resent extensively used in England. This is probably largely due 
o the fact that taken as a whole the waters used for locomotive 
purposes in this country are of fairly good quality. Owing to the 
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comparative smallness of the boilers, engines are, however, liable to 
work with steam in which there is an excess of water, and the avoid- 
able coal consumption due to this cause may be high, although 
water may not be present in the steam to such an extent as to 
constitute priming. Experience shows that where softening has 
been resorted to with a bad water, considerable saving is effected in 
the cost of boiler repairs and renewals. 
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be as high as possible, it is the aim of the management to get as 
much work out of the engines as is consistent with safety. To do 
this, they must be kept in an efficient state, because apart from 
considerations of safety, which hold the first place, failures on the 
road are very expensive. 

26 Examinations. The period between the examinations of the 
various parts of engines is fixed either on a time or mileage basis. 
On the Midland Railway the method employed depends upon the 
parts to be examined, fire-boxes and boiler fittings being examined 
on a time basis, and working parts on a mileage basis. In Appendix 
No. 1 are shown the margin times and mileages allowed before the 
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various examinations are made. It will be noticed in the periods, 


as in the mileages, there is a fair working margin between the time 
When an engine enters the period or mileage at which it is due for 


examination and the time or mileage at which it must be examined. 
This margin is given to enable all examinations to be done together 
as far as possible, and prevent an engine being put out of service 
several times for different examinations. 

27 = In order to enable the examinations to be regularly carried out 
when engines, owing to the demands of the tratlic, are working for 
any length of time away from the owning station, each engine carries 
in the eab a ecard upon which are recorded the dates of the last exam- 
inations and wash-out, and if the inspection of this card shows an 
examination or wash-out to be due, the work is carried out and entry 
made on the card to that effect. 
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28 In addition to the prescribed periodical examinations, each 
driver when giving up his engine examines it and reports any repairs 
that are required. It is the practice in a good many sheds also to 
employ examining fitters for the purpose of examining engines when 
they are put in the shed after work. 

29 Running Repairs. As a result of the examination and reports 
of the drivers and examining fitters, the necessary small repairs and 
idjustments are done by the running-shed fitting staff. On the 
\lidland Railway the books into which drivers and fitters used to 

uter their reports have been replaced by cards which, on being 
ntered up, are dropped into a locked box. In the case of no repairs 
ving required a “nil”? card is put in. By this method the foreman 
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fitter is able to arrange his work better. He has before him in a 
convenient form the amount of repairs of various kinds that require 
doing, and by associating this information with the train-board 
he can tell by what time the work must be done and is able to arrange 
his men accordingly. 

30 Washing Out. Owing to the use of different qualities of water, 
the periodic washing out of boilers varies considerably. The general 
practice is to wash out passenger engines after 500 miles work, and 
freight engines after 800 to 900 miles work. At busy times there is 
no doubt that the time allowed for engines to cool is frequently not 
as long as it should be, and, with the object of avoiding the damage 
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to boilers caused by too rapid cooling and obtaining additional work 
from the engine by reducing the time of standing, washing out with 
hot water is being considered on several railways. 

31 Casualty Office. A notable feature in connection with the 
running department is the casualty office. Under the charge of a 
trained engineer, the function of this department is to collect reports 
from the running-shed staff of all engine failures, a failure or casualty 
being any defect in the working of the engine which causes it to lose 
time on the journey or to be late to its train from the shed. The 
head of the casualty office arranges for the proper classification of 
every case of failure and directs the investigation into each case. 
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After careful inquiry the cause of the failures can be brought to the 
notice of those responsible for the design, materials and workmanship, 
operation, or purchase of coal, oil and other stores, the object always 
being to promote efficiency in construction and improvements in 
operation rather than discover an offender. A good moral effect, 
however, is created by thus constantly reminding all concerned of 
their individual responsibility. 


32 The summarized statements periodically made to the general 
manager and directors of all failures by which delay is caused to 
trains form a fair guide to the efficiency of the locomotives on the 
road. 

33 Engine Cleaning. In order that the examinations previously 
referred to can be properly carried out, engines must be kept as 
clean as is possible at a moderate cost. On English railways, the 
general practice as regards engine cleaning is to employ boys from 
14 to 19 years of age, who are afterwards promoted to firemen. 

34 The method of payment for cleaning varies on different rail- 
ways, day work, piece work and premium being employed, but day 
work is the most general. The piece-work system of cleaning was 
introduced some years ago on the Midland Railway, and was satis- 
factory until 10 years ago, when the larger types of engines began to 
make their appearance; the work of cleaning an engine then had to 
be divided, and this gradually led to cleaning by gangs on piece work. 

35 Piece-work gangs being unsatisfactory and difficult to handle, 
about four years ago a system of cleaning engines on Rowan’s premium 
system! was introduced at most of the large depots on the Midland 
Railway and is still in operation, although principally confined to 
the passenger engines. This system provides for a more methodical 
and thorough means of supervision, since each part of an engine, 
no matter how small, can be taken separately and, if passed, paid 
for on its merits without reference to other parts. The premium 
system has been satisfactorily applied by working the men in groups 
of four, each man being responsible for particular parts of the engine 
as set out on his job ticket. The premium earned by the men clean- 
ing those parts goes to his account and has nothing to do with the earn- 
ings of the other men, thus preventing indifferent workers reaping the 
benefit of the industry of others in the group. 

36 The premium system is successful inasmuch as it introduces a 

strong incentive to do more than had been, under other conditions, 


‘Proc, 1901, Pt. 4, p. 865; and 1903, Pt. 2, p. 203. ~~ 
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considered a day’s work. Cleaners working on premium are able 
to supplement their weekly rate to the extent of 20 to 40 per cent. 
The arrangement of working the men in groups of four as a rule 
ensures engines being ready for service as soon as they are required. 
Should the engine require cleaning in a shorter time than usual, 
more men can be put on, each man with bis work detailed on a job 
ticket, without fear of the work being scamped. Under the piece- 
work arrangement this was not easy to avoid. 

37 Shopping of Engines. The engines are turned over by the 
running department to the repairing engines department for heavy 
repairs, as a result of the condition of the various parts revealed 
at the periodical examinations in the shed, but mainly as the result 
of the periodical examination of boilers. The repairs to the boilers, 
as a general rule, take longer than anything else, and the order of 
putting work through the shops is dependent on the time taken to 
repair the boiler. By making other repairs subservient to it, the 
engine is likely to be out of service for the least possible time. In 
selecting engines for repairs, consideration is given to the probable 
demands of traffic working, the heavy repairs to passenger engines 
being undertaken in the winter months and to freight engines in the 
summer. Roughly speaking, it is the practice on the Midland Rail- 
way to overhaul in the repairing shops each passenger engine every 
12 to 15 months, and each freight engine every 18 to 20 months. 

38 The means described for examination, shed repairs, and shop- 
ping are those taken to ensure the efficient working of the locomotive 
stock. On the Midland Railway this efficiency is secured by the 
withdrawal from service of about 25 per cent of the total stock. The 
actual percentages work out at: 


Passenger Freight Total 


Under 1.36 0.95 1.08 
Stopped for various repairs................. 8.57 7.55 8.08 : 
Engines not available for work............. 25.7 21.53 23.06 


39 These figures may be taken as fairly representative of British 
practice. Having about 75 per cent of the total stock available for 
work, its earning capacity, so far as it is controlled by the running 
department, lies mainly in the efficiency of the train arrangements.” 

40 Arrangement of Engine Workings. It is usual for the traffic 
department to provide in convenient form a statement of the train 
service for which motive power is required. The graphic form of the 
‘ime table is very suitable for this purpose, as by its use it is easier 
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to arrange economically the outward and return workings, and at the 
same time make provision for the most convenient places to change 
engines and ensure intervals during which the men can get their 
meals and attend to engine duties. 

41 Passenger Trains. Several English railways divide their pas- 
senger train working into two classes: the first, generally the most 
important express trains, being paid on a basis of mileage, and the 
second being paid by the day. 

42 Links. Suitable workings are grouped together in numbers 
varying from 3 or 4 to as high as 20, and the corresponding number 
of men necessary to work them are employed in rotation on each 
working. These groups are called links. Such grouping has the 
effect of dividing up the trains into two or three classes, which 
vary in their demands for power and correspondingly call for the 
use of different classes of engines. The grouping of workings is 
arranged in such a manner that the most powerful engines are kept 
as far as possible on trains where they are not extravagantly employed. 

43 One of the main objects in the preparation of train arrange- 
ments before they are sent to the locomotive depots is to see that the 
maximum amount of the drivers’ time is occupied in charge of the 
engines, and to reduce as far as possible the time during which the 
men are unemployed, or engaged in miscellaneous duties. On several] 
railways charts are exhibited at each depot periodically, giving the 
classification of the drivers’ time and how employed. These charts 
act as a very good check on the foreman’s arrangement of the men’s 
work, as it enables him to see at a glance whether the percentage of 
time in charge of engine is on the increase or decrease. It is advisable 
to have a link of such a size that it is large enough not to limit the 
drivers’ knowledge to a particular road, but not so large that the 
knowledge gained of the various roads would be forgotten owing to 
the infrequent occasions the men work over the line. 

44 In arranging links, due regard is paid to day and night work, 
and an effort is made to regulate the work so that a man is not 
continuously on one or the other. The men in each link work all 
the trains in it in turn, and any slight advantage in a particular 
week’s work is, therefore, shared by all the men. When the links 
are arranged they are posted, for the guidance of the men, in a case 
at the engine shed, together with a complete list of the booked engine 
workings. 

45 Special Trains. Special passenger trains are provided for in 
the weekly excursion time table. Arrangements are made at head- 
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quarters for the various depots to work such trains, those having 
an outward and homeward trip being generally worked by the depot 
from which the train starts, but in the case of additional or duplicate 
trains an endeavor is made to balance the mileage by utilizing an 
engine in one direction to work, and an additional train that may 
be required in the opposite direction, or when duplicates are neces- 
sary over the same section from opposite ends about the same time, 
they are dove-tailed in with the ordinary booked trains. The tim- 
ings of these special trains are supplied in a convenient form to the 
drivers working the trains. Such trains are worked by spare men 
or men whose time is not fully occupied. 

46 From the train arrangement sheets the “working engines 
board,” fixed in a convenient place on the shed wall, is arranged 
daily by the foreman in charge on the day or night shift, the trains 
being shown in the order of running, and the engines allotted to work 
them, together with the information as to where the engines can 
be found, that is, the shed or sidings where they may be standing. 
It usually shows also all the engines due for examination or washing 
out. 

47 Engines and Men. As far as possible, engines are allotted to 
and kept for the same drivers, and this is almost universally the rule in 
the case of passenger engines on most English railways, but it has 
not been attained as regards the freight engines at present (except 
with the more important goods trains) owing to the uncertainty as to 
when the engines of the ordinary goods and mineral trains will come 
into the sheds. 

18 It would appear that the majority of the locomotive superin- 
tendents in England are of opinion that where first-class express work 
has to be done it is a distinct advantage to book an engine regularly 
to the same driver. This practice extends on some lines to fast fitted 
goods trains, which require nearly as much working as an express. 
The experience on the Midland is that casualties are lessened owing 
‘o the greater care taken by the driver in working the engine and in 
properly reporting defects; and as a result the coal consumption is 
wenerally less. 

49 Working Results. The necessary statistics for criticizing the 
results of working of the various sheds are obtained in the following 
manner. Each engine driver at the end of his day’s work makes out 
« journal on which he enters in detail all trains worked by him, time 
oceupied in doing so, the route and description of train, and the 
materials used during the day’s work. These journals are handed 
into the time office, and the mileage is then entered to each trip, and 
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the weight of coal, oil, ete., is checked with the coalman and store- 
keeper’s records in order to see that the entries made by the driver 
agree with what has actually been issued to him. From these 


Engine hours. .........Goods and mineral trains 


Special passenger-train miles 


Assisting passenger-train miles 
Passenger shunting performed (calculated at 6 mi. an hr.) —s 
Ordinary goods and mineral train miles 


Special goods and mineral train miles 
Assisting goods and mineral train miles 


Detentions to engines 
Consumption of coal, oil and other stores by each individual engine 


A fae 


The time of engines employed exclusively for shunting purposes 
is calculated at 6 mi. an hour, from the timethey leave the locomotive 
yard to the time they again reach the ash pit, with a minimum debit 
of 10 hours. Ballasting is calculated at the rate of 8 mi. an hour, but 
only the actual time occupied is brought to debit. 

50 Engines standing as pilot, that is, to assist or work duplicate 
trains as required, are charged at the rate of 6 mi. an hr. for the 
actual time they are standing. A statement of mileage, wages, coal, 
oil, and stores consumed is compiled for comparing one depot with 
another. The compilation of these figures involves an immense 
amount of routine work; recognizing this the Lancashire & Yorkshire 
Company have adopted the Hollerith tabulating machine for the 
purpose, by means of which the following data are obtained: 

Date 


7 Shed where driver is stationed 
Class of engine 


Shed where engine is stationed 
‘ca Deseription of mileage 


Miles run 


= te Shed where coal is received 


Quantity of lubricant supplied 
Description of time 

dese | Time worked in hours and minutes 


journals the following statistics are compiled: 
Engine hours.......... Passenger trains 


Engine hours.......... Shunting Lo 


Engine hours.......... Assisting, piloting, ballasting, ete. ‘=> wll 
Ordinary passenger-train miles 


Goods and mineral shunting performed (calculated at 6 mi. an hr.) 7 
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51 By means of the punched holes denoting the description, the 
same cards will show: 


No. of train-miles run Passenger, goods, mineral 
No. of train-miles run assisting Passenger, goods, mineral 
No. light-engine miles run Passenger, goods, mineral 


No. locomotive shunting miles — 

No. traffic locomotive shunting miles 

No. empty carriage miles run 
Quantity of locomotive oil supplied 
Quantity cylinder oil supplied 


act 


Quantity tallow supplied 
Length of time men were in charge of engine - 
Length of time men were traveling before or after being relieved - 


Length of time men were engaged conducting, waiting orders, ete. 
Length of time trains were detained by signals, ete. 
These cards can be conveniently assembled to show cost of operating 
the various sheds, classes of engines, classes of mileage, etc. 
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HANDLING LOCOMOTIVES AT TERMINALS 


By Freperic M. Wuytse, New York 


Member of the Society 
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52 Detail methods in the handling of locomotive terminals vary so 
widely that the scope of this paper has been limited to well-established 
practices along certain definite lines, in the United States and Can- 
ada, with some personal suggestions. Steam locomotive terminals 
alone are sufficiently developed to permit of extended discussion. 

53 Terminals differ very much in importance and the paper will 
be confined largely to the more important onés, leaving it to the 
judgment of the reader to decide what parts apply to the smaller ter- 
minals. By the designation “important terminals” is meant those 
caring for about 100 locomotives during each 24 hours. 


54 Starting with a terminal at each end of a railroad the interme- 
diate terminals are located as the topography of the line, the location 
of important towns, or other factors, may indicate. Some years ago 
the distance between locomotive terminals was shorter than is con- 
sidered desirable now, and generally the divisions have been length- 
ened so, that at the present time they range in length from 100 miles 
to 200 miles; divisions approximately 150 miles in length are quite 
common. Frequently there are locomotive terminals between the 
division extremes, but these are usually for local and suburban runs 
and are of lesser importance, although a few years ago they were the 
important terminals. 

55 From the standpoint of operation, the engine-house and its 
accessories at the divisional point should be located close to the freight 
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yard, for freight locomotives, and to the passenger station, for passen- 
ger locomotives. This condition is more readily fulfilled for freight 
than for passenger service. For the latter it is sometimes necessary 
to place the engine-house five to ten miles from the passenger station 
where the locomotive is detached from the train. This requires the 
introduction of separate crews for handling the locomotives between 
the engine-house and the station and also necessitates exceptional 
methods of inspection and reporting and calling the crews and equip- 
ping the locomotives for thenexttrip. Such conditions exist at Buffalo 
on the New York Central & Hudson River Railroad. On the other 
hand, if the station is not a terminal of the road the through trains 
may be stopped near the engine-house and the locomotive detached 
and attached there; such is the method on the Lake Shore & 
Michigan Southern Railway at Cleveland. 


APPROACH TO THE TERMINAL 


56 The route between the train terminal and the engine-house 
should be as direct as possible and independent of all other move- 
ments. This is not always possible, however, and in passenger service 
more particularly, the route is largely made up of main line track. 


Especially is this true when the locomotive terminal is at some dis- 


tance from the station. 


; LINE OF SEPARATION OF RESPONSIBILITY | 


57 So far as concerns the mechanical operation of the locomotives, 
the mechanical department must be responsible. There are two well- 
recognized and quite different forms of railroad organization: the 
departmental, in which the mechanical department has supervision 
over the design, maintenance and mechanical operation of the loco- 
motives; and the divisional, in which the mechanical department has 
supervision over the design, construction and general condition of the 
locomotives, and the transportation department has supervision over 
running, maintenance and mechanical operation. In either of these 
organizations the responsibility for the locomotives must change, sv 
far as individual officials are concerned, at some place adjacent to th: 
engine-house. In some organizations where this change is made at 
the turntable, or its equivalent, there are a very limited number o! 
rectangular engine-houses, notably at the St. Louis passenger termi- 
nal, where a transfer table is used and a turntable is not necessary. 
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In these organizations the official in charge of the engine-house, who 
is a part of the mechanical department, has supervision over the 
movement of the locomotives between the table and the house and 
over the locomotives in the house; and the coaling plant, ashpit 
and other accessories are handled by the transportation department. 
In other organizations the engine-house official has supervision over 
the entire engine-house premises, including the coaling plant, ashpit 
and all other accessories. 

58 It is not well established which is the better organization, and 
not only does the organization differ on different roads, but often the 
same road has changed several times from one arrangement to the 
other. It is probable, however, that the best arrangement is the one 
which provides the highest class official nearest to the place to be han- 
dled. The best results probably will be obtained from the present 

tendency to place a master mechanic at each of these important loco- 
‘motive terminals and assign vo him supervision over the entire plant. 
Such an arrangement will place the line of separation of responsibil- 


ity for incoming locomotives on the approach to the engine-house and 
outside of the coaling plant; and for outgoing locomotives at the track 
assigned for locomotives ready for service. 


SEPARATION OF LOCOMOTIVES ON A DIVISION > v0 


59 On a division having only one important locomotive terminal 

_ it is not necessary to designate where the important repair work will 
be done, but on many divisions there are two or more engine-houses 
thoroughly equipped for the complete maintenance of a certain num- 
ber of locomotives, and on these divisions it is necessary to designate 
those which will be maintained at each house. Each engine-house 
will do the periodic work and the running repair work on the locomo- 
tives assigned to it, and the inspection and safety repair work on any 
locomotive which is run into the engine-house. Theassignment of the 
fom to the different houses is made by the divisional mechan- 
ical officer, usually designated as master mechanic. There is more 
or less transference of locomotives from one division to another for 
temporary service, but there are serious objections to this, especially 
when the periodic work and reports are to be considered, and when 
the duration of the temporary service is more than a few days. On 
the large railroad systems it seems quite necessary that an individual 
locomotive record of periodic inspection and work be kept by the 
divisions and the transferring of locomotives from one division to 
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another for a week or two results in annoyances, errors and loss of 
records incident to transferring records when the locomotives are 
transferred. 


LAYOUT OF A LOCOMOTIVE TERMINAL 


60 It is not the intention of this paper to cover this item in such 
detail as would be necessary for the preparation of an ideal layout, 
but rather to deal in generalities which may be of greater interest in 
an international discussion. It will be in order to consider, first, the 
capacity of the various facilities which are to be supplied. It 
is desirable to rate the capacity on the maximum demand for a 
comparatively short interval of time, say one hour or two hours, for 
the coaling, ashplant, turntable, water and sand facilities; and for 
longer periods of time for other facilities. Some of these ratings may 
be consistently higher than the sustained rating of 24 hours. There 
should be considered also, how much of the terminal will become inop- 
erative in case of accident to any one of the important units of the 
terminal, and the approximate length of time the resulting disorder 
may continue; and to provide the necessary assurance of continuous 
operation, by the installation of duplicate units. The water and coal 
plants and the turntable are the most important units and these will 
need special study. 

61 Water columns are usually so well distributed at a division 
terminal that only a failure of the entire water system need cause much 
delay, so that the important consideration is convenience of location. 
The insurance may be taken care of in the general water system. An 
ample supply of water is also of prime importance. 

62 For insurance of the coaling operation there may be selected 
one of several schemes, one of which is to place the cars of coal on one 
of two or more adjacent tracks and the locomotives on another, trans- 
ferring the coal from the cars to the tenders by hand or by locomo- 
tive crane. Another scheme is to coal the locomotive at the coal- 
stocking plant, if one is near by; or by other means, none of which 
seriously affect the general arrangement of the locomotive ter- 
minal. 

63 On the contrary, insurance of turntable service will very decid- 
edly affect the general layout of the terminal because the spare table 
must be capable of serving the whole or a copsiderable part of the 
engine-house capacity, inasmuch as failure of one table may occur 


when a large number of the locomotives are in the house se 


rved by it. 
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~The only way in which more than one turntable can serve one unit of 
engine-house capacity, in a circular engine-house, is by dividing the 
house unit into parts and having a turntable for each part. To accom- 
plish this result it is considered very good practice to limit the size of 
a separate engine-house to approximately a half-circle, and to provide 
any additional capacity in another half-circle, offset from the first at 
least enough to permit of a separate turntable for each. The separate 
turntables should have track connections to the inbound and out- 
bound tracks, and usually have inter-connecting tracks. 

64 For further insurance of uninterrupted turntable operation 
two motors for revolving each turntable are considered desirable, and 
even necessary, but both should not be operated from the same power 
plant. Sometimes two gasolene motors are used, and sometimes one 
electric motor is provided for general use and a gasolene motor for 

emergency use. 

65 If the house is made up of parts of two circles, one end of each 

part will be placed near one end of the other, and the machine shop, 

_ storehouse, power house and offices will drop in very naturally between 
the two. The drop pits, overhead crane, and other special facilities 
necessary in a limited section of the engine-house, will be placed con- 
venient to the shop. 

66 There remain to be located only the coaling plant, ashpit, sand 
_ house and water columns, which will be placed primarily for conveni- 
ence in getting the inbound locomotives to them. There must be 
ample water facilities on the outgoing tracks and it is desirable to 
have a small ashpit and a sanding place on these tracks. If pro- 
visions are made to get the outgoing locomotives to the coaling 
plant on special occasions, then a coaling place is not necessary on 
the outgoing track. Of these facilities on the inbound tracks the 
ashpit will be nearest the turntable so that the locomotives may 
be moved the shortest distance when there is little or no fire on 
the grates. Sometimes it has been thought desirable so to arrange 
the facilities that coal, water and sand can all be taken at the same 
time; but if the hostler is to stay in the cab so as to be ready for 
moving the locomotive promptly, it is probable that the difficulty in 
arranging these facilities for the various lengths of locomotives will 
make it desirable to place them somewhat more than a locomotive 
length apart if the ground space permits. Sometimes a track ar- 
rangement is made that permits of advancing one or more locomo- 
tives around other locomotives, and when the ground space is 
available this is a good thing to do. 


he tracks on which the ash 
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> 
cars are taken to and from the ashpit should be independent of the 
inbound and outbound locomotive tracks. 


THE ENGINE HOUSE 


67 The cross-section and other details of construction of the 
engine-house have such important relations to the prompt handling 
of locomotives at terminals, especially in the colder climates, that it 
is well worth while to refer to them. 

68 The two items which have been given most consideration dur- 
ing the last few years, for houses located in the colder climates, are 
the heating and the ventilating; they are so closely related that they 
should be considered together. For low cost of heating, the area of 
the cross-section should be as small as the locomotives will permit 
and until recent years it was the practice to follow this principle in 
the design. Unfortunately, good ventilation, which is equally impor- 
tant, has not been obtained with the small cross-area and as a result 
the condition of fog and smoke, and principally fog, in these low-roofed 
houses in cold weather is such, at times, as scarcely to be understood 
until seen. 

69 A decided improvement in ventilation has resulted from rais- 
ing part of the roof somewhat higher than the necessary headroom 
would require, placing the ventilators at the top of this higher portion. 
The design of these ventilators is undergoing a process of develop- 
ment and at present practically each road has its own preferred design. 
An advantage of this high roof section is that additional area for win- 
dows is given in the enclosing wall, and this additional lighting is 
important for the wider houses now necessary. 

70 In the effort to reduce to a minimum the fog in the house in 
cold weather, special efforts are also made to prevent the escape of 
steam from the locomotives. To this end a pipe line of large diameter 
is placed around the house, usually above the locomotives, with ter- 
minals conveniently arranged for making quickly a pipe connection 
to a valve in the top of the boiler. To reduce the steam pressure in 
a boiler the steam is blown through this pipe into the atmosphere, 
or to water-heating tanks or hot wells. 

71 Pipe lines, including cold-water, hot-water and steam lines, 
are similarly arranged for washing out boilers, and provision made for 
mixing the cold water with hot water or steam to get the desired tem- 
perature for washing. The same pipe lines, or others, conduct the 
water from the boiler to storage tanks and reheaters. The smoke- 
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jacks have elongated bases which cover the safety valves as well as — 
the stack. 

72 The heating is done by one of two methods: by direct radia- 
tion from steam pipes placed on the side walls of the pits; or by hot- — 
air blast. Probably the latter is preferable. The place of delivery — 
of the heat is as near the locomotive as possible. The capacity for 
the steam heating is usually all that can be obtained from two to six | 
2-in. pipes on each side wall in the pit and some on the outer wall of — 
the house; for the hot-air system the capacity is the volume of the 
house every ten to fifteen minutes, at a temperature of about 60 deg. 
fahr. A very important point about heating engine-houses is to keep 
the doors and windows closed and to cover the usual openings at the 
bottom of the doors. It is desirable also that the roof timbers be so 
placed as not to interfere with the flow of air upward along the roof 
to the ventilator outlets. 

73 It is the general practice to provide several tracks in the house, 
with a drop pit into which to drop driving and truck wheels, and to 
provide in the same section of the house an overhead crane for load- 
ing to and unloading from cars these wheels, and for handling air pumps, 
cabs, boiler fronts and other heavy parts to and from the locomotives. 
Light portable cranes are provided for lifting steam-chest covers, rods, 
and other heavy parts which do not require high lifts. 

74 There are many smaller details about engine-house design SS 


equipment which contribute to the rapid and efficient handling of 
locomotives, but it will be best not to burden the paper with them. — 


75 The uninterrupted operation of this plant is of prime ori - 
tance, and with this in mind, that design should be chosen which is . 
least liable to be deranged and which can be repaired most quickly. 
With sufficient ground space available, these considerations will make 
the choice a trestle, so that cars of coal can be pushed or hauled up a 
incline and the coal dumped direct from the cars into the bins from 
which it slides by gravity into the locomotive tender. This kind of 
plant reduces to a minimum the breakage of fragile coal, sometimes an 
important feature. If the incline approach is too steep for steam loco- 
motive operation, the motor and winch should be in duplicate and the 
motors not dependent upon the same source of power, unless there 


is little chance of total disability of the source 


| 

| 


068 HANDLING LOCOMOTIVES AT 'TERMINALS 


76 When the ground space is limited the mechanical hoisting plant, 
of the bucket or a similar type, is a necessity, and it has been selected 


to consider them in detail. Usually they are placed crosswise of the | 
tracks. Sometimes the same apparatus used to elevate the coal is | 


tion of facilities when such concentration is necessary, but there are | 
objections to it otherwise. To give the necessary capacity at the coal — 
pockets and ashpits a greater number of tracks are necessary and the | 
risk of personal injury from coal falling from the tender and striking © 
the men who must be about the ashpit is increased. This concentra- 
tion will shorten and widen the approach to the engine-house. 


2 
| 
THE ASHPIT 


77 It is desirable to have a pit capacity immediately beneath the 
locomotives for several hours’ busy dumping of pans and grates, 
whether the ashes are handled by hand or by machinery from the pit 
to cars. If handled by hand this is to provide for economical time dis- 
tribution of labor; if handled by machinery, to provide for continuous 
dumping when the machinery is out of order. The economical trans- 
ferring of ashes from pit to car by hand requires a lower pit for the ash 
cars, adjacent to the ashpit, and sometimes conditions do not permit of 
such an arrangement or of the necessary track approach. If the ash 
pan and fire cleaners can be used for transferring the ashes from pit 
to car, at intervals when there are no pans or grates to be cleaned, the 
manual labor can be most economically distributed. The mechanical 
plants usually operate crosswise of the pit, limiting the length of pit | 
undesirably, and making necessary several pits side by side or a om 
ther mechanical installation for transferring the ashes lengthwise of 
the pits to the cross conveyor. With each addition to the mechanical — 
devices, complications are multiplied. Water hydrants for hand hose 
are located conveniently about the ash pits, and shelters are provided 
near by for the men to occupy when there is a lull in the work. 


THE SANDING PLANT 


78 The location of the sand-drying plant should be convenient to— 
the inbound tracks, but not necessarily adjacent to them. Convenience - 
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in delivering wet sand to the drying plant is important. As air pres- 
sure is used to elevate the dry sand to the storage bin from which it 
falls by gravity to the locomotive sand box, air pressure can also be 
used for transferring the dry sand for some distance horizontally, so 
that the place of delivery for the wet sand may be conveniently 
located for such delivery. Sometimes the sand is dried on steam- 
heated tables, but since the temperature cannot be raised high enough 
for satisfactory drying, the preferred dryer is the stove. The dry sand 
bin, from which the sand is delivered to the locomotive, is usually 
located between the coaling plant and the ashpit. 

SUPPLY 

79 Water columns should be conveniently located on both in- 
bound and outbound tracks. 


THE ORGANIZATION 

80 The Master Mechanic. The usual divisional organization _ 
places one man, the master mechanic, in charge of the locomotives 
on the division, both when the locomotives are away from the engine- 


house and when at the engine-house. One of the division terminals 
is under his supervision and his headquarters are generally at that 
terminal because it is the important point of his jurisdiction. He may 
have assistants with duties both at terminals and between them, and 
he always has assistants who confine their efforts to the terminal, 
and others who confine their efforts to the road work. If at the 
divisional terminals the freight locomotives and the passenger loco- 
motives are separated, as is often the case, one assistant may have 
supervision over freight locomotives and terminals, another over 
passenger locomotives and terminals, and a third over the inter- 
mediate division engine-houses, in which both passenger and freight 
locomotives may be cared for. 

81 Traveling Foremen. The assistants in the operation on the 
road are usually designated as traveling engineers or road foremen 
of engines, and traveling firemen. Some are assigned to passenger 
service and others to freight service, and they report to the master 
‘aechanic, or if there are assistant master mechanics, then to the proper 
assistant master mechanic. Their duties are, nominally, to instruct 
‘he engine drivers and the firemen; to report the conditions of the loco- 
!notives as delivered from the engine-house; to foresee, when possible, 
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and to report work on the locomotives which may require special 
preparation or special attention for the preparation of material, ete. 
Too often, and it may be said usually, they are kept busy ascertain- 
ing and reporting what has already happened and explaining it, 
whereas their efforts should be directed to preventing the repetition 
of undesirable occurrences. It is conceded, however, that a general 
knowledge of what has happened and the causes is essential for the 
intelligent direction of means for preventing recurrence. 

82 Allof these officials, from master mechanic to traveling firemen, 
are subject to call at any hour. 

83 Engine-House Foremen. The organization at the locomotive 
terminal will begin with the general foreman, who will have general 
supervision of the terminal 24 hours a day and seven days in the week. 
He will have personal supervision in the daytime; the assistant gen- 
eral foreman will report to him and have supervision at night. These 
two may arrange between themselves, subject to the approval of the 
master mechanic or the assistant master mechanic, for regular rest 
days. The division of the 24 hours between these two men means 
somewhat more than 12 hours a day service for each, that there may 
be time for the necessary consultation between them. Because of 
this and the fact that the change in supervision is made in the morn- 
ing and evening, the busiest hours at most engine-houses, and at about 
the same time the other employees change shifts, there is being con- 
sidered, and in fact put into operation at a few places, an arrangement 
for 8-hour shifts, so assigning the terminal men that the entire shift 
will not change at any one time. In such an arrangement the general 
foreman would be present during a part or the whole of every shift and 
one of his three assistants would be assigned to each shift. Twenty- 
four-hour operation is necessary at engine-houses and two complete 
breaks in each 24 hours are not conducive to best results, nor can a 
man deliver his best efforts for 12 hours a day continuously. Hence 
the tendency to shorten the hours of daily service and to minimize 
the effect of each change of shift. 

84 In addition to the assistant general foreman, the store-keeper 
and chief clerk will also report to the general foreman. To the assist- 
ant general foreman in charge of each shift, the yard foreman, the 
house foreman, the shop foreman, the foreman of laborers, the des- 
patcher and the necessary clerks, will report. 

85 The Yard Foreman. He should have complete charge of the 
locomotives at the terminal and outside of the house. He should tak« 
from the house foreman instructions as to the particular stall in w hich 
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each locomotive is to be placed and report as soon as it is placed; and 
should take from the despatcher instructions about delivering the loco- 
motives to the transportation department. This arrangement will 

place under the supervision of the yard foreman, the coaling, sanding, 

watering and ashpit plants, and the turntables; the care of the loco- 
motives which are standing outside of the house; and also the special 
crews that run the locomotives between the engine-house and the train. 
terminal, when such crews are necessary. 

86 The House Foreman. He should have supervision over the 
workmen in the house, and over the inspectors on the incoming track, 
if there are such inspectors. The various foremen reporting to nr 
are those in charge of repairs to tenders, boilers, machinery and air 
brakes, and others similar, depending on how far the work is one 
ized. In working out the 8-hour shift arrangement, it has been sug- 
gested that there be assistant house foremen, each with supervision 
over certain stalls assigned to him; the special work, however, such as 
air brake and similar work, to be done by special gangs for all the 
stalls. The shop foreman will also transfer machinists, boiler makers, 
ete., from one assistant foreman to another, asconditions may demand. 
This arrangement of div'ding the house into sections, each in charge 
of an assistant foreman, is being vsed with satisfactory results. It 
makes of the assistant foreman a high-class inspector because it places 
him in such close touch with the conditions that he can say just what 
work should be done, and know how thoroughly it is done. This is a 
most important consideration because the engine men and inspectors 
may report a lot of work to be done, partly to clear themselves, as 
well as to inform the foreman thoroughly. The man who does the 
inspecting and repairing on a locomotive or on a number of locomo- 
tives day after day, is well informed on what must be done and how it 
should be done; which leads to the suggestion of the further step that 
the maintenance of certain locomotives be assigned to certain gangs. 
This ought not to be impossible in passenger locomotive terminals. 

87 The Shop Foreman. The importance of the shop foreman 
depends largely upon the importance of the shop. Sometimes his 
duties are assumed by the engine-house foreman. The tendency seems 
to be in the direction of providing larger shop facilities, and as these 
are increased the importance of the shop foreman will increase. 

88 The Work Report Clerk. The clerical force perform the usual | 
duties” of such employees. There is one clerical position, however, 
which is growing in importance and the qualifications for the filling | 
of which are becoming more and more exacting: this is the position of 
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work report clerk. He should understand clerical work and know 
enough about locomotive parts and repairs to make out a satisfactory 
report of work to be done. He first comes into contact with the arriv- 
ing engineman, who reports on conditions which can be observed only 
when the locomotive is in action. Enginemen do not like to write, 
hence their written reports are short and unsatisfactory. The ten- 


dency at present therefore is for the clerk to write these reports : 


the signature of the engineman and the clerk must understand what 
work is necessary and report it properly. As the clerk is almost 
always accessible, the information is thus available in case further 
explanations are required. This clerk also makes a record of the inci- 
dents of the trip as reported by the engineman, so that in case of in- 
quiry, the desired information is already on file. 

89 The engineman’s report of work to be done and the report of 
the inspector should reach the work report clerk at the same time, 
that there may be no delay in distributing the work to the respective 
gangs. 

90 Bulletin for Completed Work. Quite as important as having 
the work to be done promptly reported to those who are to do it, is 
the reporting back promptly when the work is completed, and to have 
this information easily available for those who need to have it. For 
this purpose various arrangements are provided, the details being 
worked out to suit the peculiar layout of each house. The essential 
features are provided by a blackboard located conveniently for those 
who make the records and for those who must read them. This board 
is ruled into vertical columns, one for the number of the locomotive, 
one for the number of the stall in which the locomotive is located, and 
other columns, depending upon how the work in the house is distrib- 
uted among the repair men. For instance, there may be a column 
headed “air brake,” another “boiler,’”’ another ‘‘machinery.” As 
each class of work is completed each foreman marks on the board in 
the proper column and opposite the particular locomotive number 
his “‘O. K.,” indicating that his work on the locomotive has been com- 
pleted. When all the spaces opposite a locomotive number are marked 
“O. K.,” it is evident that the locomotive is ready for service. The 
record is erased as soon as the locomotive is taken out of the house. 
The convenience and despatch with which these records can be made 
are important factors. 

91 Outfitting the Locomotive. Contrary to the previous practice 
of requiring the locomotive crew to do some cleaning, fill oil cups, and 
in general look after the outfitting of the locomotive, the present ten- 
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— dency, and it is pretty well established, is for the engine-house force 
to outfit each locomotive completely for service on the road. There 
remains for the crew, of course, the responsibility of knowing that 
the necessary repairs and outfitting have been done. even though the 
— locomotive is delivered to them at the station. 

92 The Despatcher. It remains for the despatcher to know what 
locomotives and crews are arriving, and to care for the proper des- 
patching of locomotives and crews 

POOLING 
93 Some years ago it was the general practice to assign a locomo- 
tive to a crew and both crew and locomotive to particular runs, and 
- when the locomotive was taken to the shop for repairs the crew worked 
in the shop until the repairs were completed, usually devoting much 
or all of its shop time to its locomotive. At that period there were 
few extra passenger runs and the freight runs were very largely 
scheduled runs, under which conditions it was easy to assign locomo- 
tives to crews and crews to runs, keeping each crew on its particular — 
locomotive and run. As the maximum freight service increased and 
the fluctuation between maximum and minimum freight service 
widened, it became necessary to move a large proportion of the freight 
trains as extras, which made it quite impossible to assign crews and 
- locomotives to runs not scheduled. It was also necessary to increase 
or to decrease the number of locomotives in proportion to business 
- demands, which could be done only by withdrawing locomotives from 
service, during which time there would be only the interest and depre- 
ciation charges on them. 

94 As a result a plan was developed to increase the service of 
the locomotives by placing any crew on any locomotive for service, 
instead of holding it until its assigned crew could obtain the necessary 
rest. While this prevented the assignment of locomotives to crews it. 
made possible a larger individual locomotive mileage per month or 
per year. The first experience with this arrangement in freight ser- 
vice seemed so satisfactory that it promised well for passenger ser- 
vice to which it was extended, so that a locomotive used one day on 
one train would be used the next day on a different train, permitting 
the operation of a certain number of trains per day with greater or 
less number of locomotives than trains. The idea, of course, was to 
operate a number of trains with a less number of locomotives. 

95 The criticism most generally made upon this system is that 
the personal interest which the man had originally in his own loco- 
motive is lost. This has been valued very highly by some officials, 
more particularly those of the motive power department, and less — 


674 HANDLING LOCOMOTIVES AT TERMINALS 


highly by others, usually of the transportation department and more 
particularly those who are not so well versed in the trials and 
tribulations of the motive power department. Under the pooling 
system the effort of the average crew is to get through with the parti- 
cular locomotive as quickly and as easily as possible and to let the 
next crew get along as best it can. 

96 Such conditions necessitate careful watching of the reports 
from the enginemen so that everything that the engine-house inspec- 
tor cannot well find is included, and also careful inspection and repair- 
ing at the engine-houses. It may make necessary also, an additional 
expense per locomotive for wear and tear, as some argue, and at the 
engine-houses, as others argue; but whatever the cause or amount, 
this additional expense is the cost of getting the additional mileage 
per locomotive per month or per year, and it is a question of whether 
the cost is more than offset by the gain. The argument that it is as 
well to get the mileage-life of a locomotive in fifteen years as in ten 
neglects the fact that possibly 50 per cent more locomotives will 
be required if it is gotten in fifteen years than if in ten years, with a 
resulting interest charge. 

97 Possibly, also, those who hark back to the times of assigned 
locomotives and crews and picture to themselves the enginemen set 
ting box wedges and rod brasses, adjusting the piston rod packing 
and doing a long list of other work, overlook the difference in the size 
of the parts of present and past locomotives, and that a crew even if 
it knew a certain work was required and was willing would be unable 


to do it, at least alone. Extensive experiments have been made to— 


determine the relative costs of the assigning and the pooling systems 
and in some of these experiments at least, no material difference i a 
cost has been found. However, there may be, and probably is, some 
loss in reliability of service in pooling. 

98 The fundamental idea of pooling is to obtain from each loco- 
motive the maximum mileage per month or per year, in other words: 
to keep the locomotive going, and various schemes have been devised — 
to accomplish this and to obtain at the same time any advantages 
there may be in the personal interest of a crew in its own locomotive. 


One of these is to assign one locomotive to two or, at times, three 


crews, each crew making a round trip from terminal ya terminal. A 
variation is to change the crews about midway in the trip; this has. 
some decided advantages, the principal one being that a fresh crew 
is obtained at the beginning of each quarter of a round trip, or each | 
half of a single trip, and while the rest at each terminal is not of long 
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duration, yet it means much to the crew, especially in hot weather; 
also, inasmuch as the crew is not at home at the divisional terminal, 
the men are anxious to start back so that they may reach home. To 
work out satisfactorily this system of changing crews at the middle 
of a division, it is necessary that the divisions be so arranged, or of 
such length, that there shall not be too much constructive mileage 
for the crew; that is, that the mileage for which the crew is paid shall 
not be materially more than the actual mileage made by it. 

99 Since it is quite certain that a locomotive in proper condition 
for service can be used a greater number of miles or hours per week 
or per month than one crew is able to stand, it would seem to be good 
policy to get full returns in some way and not limit the output in 
miles or in hours service to the capacity of the crew; on the other 
hand, the men must be given proper consideration and be permitted 
to make fair wages. The pooling of locomotives and of crews in the 
different kinds of service makes it possible to use each locomotive the 
‘maximum number of miles in a certain period of time, which maximum 
will be about the same as for any other locomotives in the same ser- 
vice, granting, of course, that nothing serious goes wrong with it; 
it also makes possible maximum and equal earnings by men of physi- 
eal equality. 

100 The assigning of one locomotive to one crew limits the output 
obtained from the locomotive during a month or a year to the capac- 
ity of the crew; assigning one locomotive in road service to two or 
more regular crews need not limit the output of the locomotive but 
may place the earnings of the crew below its ability and below aver- 
age earnings for similar work. In yard service it is possible and is the 
general practice to assign one locomotive to two crews. If in road 
service one locomotive is assigned to two or more crews, the run 
should be arranged to permit each crew fair earnings. Another varia- 
tion of the pooling system is to assign two locomotives to three crews, 

to which resort may be made when two crews on one locomotive 
cannot make the average earnings. 

101 It will benoted that the original idea of pooling was to obtain 
inaximum mileage from the locomotives, which resulted, apparently, 
in taking from the crews and placing upon the engine-house a large part 
of the responsibility of the condition of the locomotives; then appeared 
variations which had in view this original idea, coupled with the effort 
to place upon the crews at least a part of the responsibility for the 
condition of the locomotives taken from them or voluntarily given 
up by them under the straight pooling system; each arrangement 
having in mind a fair earnings return to the crews. 
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ENGINE-HOUSE PRACTICE 


HANDLING LOCOMOTIVES TO SECURE CONTINUOUS OPERATION 


By F. H. Crarx, Cuicago 


Member of the Society 


102 The topic assigned me is so comprehensive as to embrace 
nearly all features of engine-house practice. In order to get the 
matter clearly before the meeting, therefore, it may be desirable to 
_ describe briefly such features of design and equipment as are con- 
sidered good practice in the United States. 


i. ARRANGEMENT OF LOCOMOTIVE TERMINALS 
ona 

103 The engine-house and its appurtenances should be located, 

when possible, at a point near the yard or station where the engines 
are released or required, though the plan must usually be adjusted to 
meet existing conditions of topography or space. In Fig. 15 is shown 
a plan which may serve as a basis of the paper. It has no unusual 
features, but it may be considered a fair example of engine-house 
practice. Some space might be saved by the use of a different design 
of cinder pit, and considerable space by a different coaling station. 
Other modifications would naturally suggest themselves in consider- 
ing the application of the plan to any specific case. 

104 The approach to the engine-house provides two tracks for 
incoming engines, one on either side of the coaling station, and one 
track for outgoing engines; though connections are provided by which 

_ the movement may be varied if necessary. 

105 The coaling station indicated on the plan is of a design fre- 

juently employed in locations where space permits. Fig. 16 showsits | 
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general construction, but with the tracks at right angle s with the 
center line of the structure, instead of parallel to it,as in Fig.15. The 
coaling station illustrated is of 700 tons capacity. The coal is ele- 
vated in cars by means of a hoist which pulls the loaded cars up a 20 
per cent incline at a rate of about forty feet per minute. The coal is 
shoveled or dumped out of the car directly into bins or pockets, if 
breaking is unnecessary; or on a grating of breaker bars spaced four 
to six inches apart, through which the coal drops when broken. The 


Fig. 16 CoaLine STATION WITH TRESTLE 


_ station delivers coal to six tracks, five underneath and one at the end. = 
‘lhe hoist may be operated by steam or gasolene engines, or by elec- 
tec motors, motors being usually considered preferable where elec- 
toe current is available. 
\06 Another type of coaling station is shown in Fig. 17. This 
s' tion has an overhead storage capacity of 1200 tons, and the con- 
s!'uction is entirely of steel and concrete. The coal is hoisted in a 
p: r of Holmen counterbalanced buckets, and distributed in the bin by 
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means of a special automatic tram car. The coal is received at one 
side of the bin and is delivered to five coaling tracks, four underneath 
the pocket and one adjacent. To facilitate the handling of cars of coal 
during the winter, three additional receiving hoppers are provided, so 
that coal frozen in the bottom of the cars may be removed without 
interrupting the main hoist. The coal is then transferred from the 
three hoppers to the main hoist for elevation to the overhead pocket. 
This plant is operated by electricity. 


Fie. 18 100,000 Street Water TANKS 


107 Various other types of coaling plants are in successful use, the 
oal being elevated by belt conveyors or small bucket conveyors, or 
andled by cranes of various types, with clam shell or similar buckets. 
‘he costof operation ranges from two to ten cents per ton, depend- 

g upon various factors. 

108 The sand-drying apparatus shown in Fig. 15is placed opposite 
ie coaling station, though frequently a part of the coaling plant is 
ised for that purpose. One of the most common methods of drying 
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sand is by coal stoves, which differ considerably in design. The moist 
sand is delivered from a hopper to a casing surrounding the stove, 
from which it escapes as it becomes dry. Some of the more modern 
sand-drying houses use exhaust or high-repssure steam from the power 
house. After drying, the sand is usually hoisted, by means of com- 
pressed air or by some form of conveyor, to a storage bin, from which 
it is drawn by locomotives when needed. Rotary sand-dryers, in 
which sand is fed into an inclined tube through which a current of 
hot air passes, are not commonly used, but could no doubt be used to 
advantage if a considerable amount of sand were required. 

109 The water supply for locomotive use is usually stored in over- 
head tanks of various capacities. Fig. 18 shows two steel tanks of 
100,000-gal. capacity recently erected. The body of the tanks is unpro- 
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tected from the cold, but the connection between tank and water 
mains is usually enclosed, as shown, in places where freezing is likely 
to occur. Standpipes, or water cranes, are so placed that water may 
be taken without backward movement. ‘Ten-inch cranes are fre- 
quently found in modern installations. These will deliver 2000 to 
3000 gal. of water per min. under usual conditions. 

110 Cinders and clinkers from incoming engines are handled in 
various ways. An arrangement in common use which has proved 
very satisfactory is shown in Fig. 19. The contents of the ash pan are 
dumped on a platform about four feet below the top of the rail, with 
a slight incline toward a depressed pit into which cars are run for load- 
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ing. In Fig. 19 the rails are shown supported on wooden piles, the 
upper ends of which are surrounded by cast-iron pipes, with insulating 
material packed between the pipe and the pile. The use of concrete 
piers is considered preferable where foundation conditions will per- 
mit. The cinders and clinkers removed from the ash pan are wet 
down and shoveled into an open coal car standing in the depressed 
pit. With engine tracks on each side of the pit, several engines may be 
accommodated at a time, and the plan affords considerable storage 
capacity, so that, with a pit of moderate length, aday force of shovel- 
ers is sufficient to take care of the accumulation. 

111 In some modern plants the slope from the outer rail delivers 
the refuse from the ash pan into a concrete pit about eight feet in 
width and depth and filled with water. In this case the material is 
removed by means of a traveling gantry crane with clam shell or sim- 
ilar buckets, and delivered to cars standing on the side of the pit oppo- 
site the engine. In other cases pits are provided between the rails, 
in which buckets are placed, and the buckets are lifted out and the 
contents deposited in open cars by a gantry or ordinary overhead 
electric-driven crane with elevated runway. 

112 The engine-houses of the United States, usually being circular 
in form, require turntables for the delivery of engines to and from the 
house. A common length of table for new installations is 80 ft., though 
a great many shorter tables are still in service, and working satisfac- 
torily where the length of engines is not too great. Turntables are 
frequently moved by hand, though a more economical method, wher 
a considerable number of engines are turned, is by tractors driven by 
gasolene engines or electric motors. Fig. 20 shows the application ot 
such a tractor to a turntable. The tractor has a heavy steel frame of 
triangular shape attached to the turntable by means of hinges at tw: 
points, the weight being balanced on the single tractor wheel travel- 
ing on the circular rail in the pit. On this frame are mounted thi 
motor, gearing, bearings, shaft and brake, comprising the driving 
mechanism. Above the machinery, and entirely covering it, ismounte: 
the operator’s cab, in which the operating mechanism is located 
Electric motors are generally considered preferable where current ca! 
be provided uninterruptedly, and on such installations a collect«: 
device is applied to the turntable center. This maintains a connec 
tion with the feeder line, which is brought underground to the cent 
of the pit, though, in case the pit is subje r 
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ies 
113 Fig. 21 showsthe plan of an engine-house with thirty 100-ft. 
stalls and an 80-ft. turntable, on a circle having a maximum provision 
for forty-seven stalls, including inlet and outlet tracks. This plan 
shows fire walls separating the house into three rooms of ten stalls 
each. The two center stalls are provided with drop pits, by means of : 
which driving and truck wheels may be removed and replaced with- 
out jacking up the engine. The engines in this house are intended to 
be headed in and backed out. 
114 Reinforced-concrete framing is frequently employed, though 
the roofs are generally of wood and covered with tar and gravel. The 
use of exposed iron or steel in roof construction is generally avoided 
because of the rapid corrosion. The pits are connected at the inner 


ends by a drain from which the water escapes through an outlet sewer ( 

emptying into a large catch basin, or sump, where the sediment is 

deposited. 
115 The pits in this case are recessed for steam-pipes, though the 

use of fan blast for heating engine-houses is becoming more and more 


general, and it is usually found that better results are obtained by 
the use of vitrified tile ducts laid underground and discharged into 
the sides of the pits, than by the use of galvanized pipes above ground, 
which generally need frequent renewal. An important advantage of 
the fan blast is that it assists in ventilating the house, changing the 
air in from eight to thirty minutes, as usually installed and operated. 

116 There are a great variety of smoke jacks in use. The type 
which seems to be coming into favor, is conical in shape and is fre- 
quently made of wood, lined with sheet asbestos or similar material. 7 
Smoke jacks are generally provided with dampers in houses where 
fan heat is used, and a space is sometimes left open around the jack 
for assisting in ventilation. 

117. Thesatisfactory lighting of engine-houses is a difficult problem. 
Oil, gas and electricity are commonly used. Incandescent lamps 
do very well if kept clean, and have the advantage of portability, 
separate circuits being frequently provided for extension cords, so 
that light may be carried to any point where it is needed. 

118 Floors of vitrified or paving brick, crowned sufficiently to 
drain to the pits, have been found very satisfactory. 

119 Drop pits for the removal of driving and truck wheels are very 
convenient. They are frequently made to span three tracks and of 
width sufficient to take the largest wheel handled. The jacks used 
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in these pits are generally mounted on carriages, running on rails 
laid in the pits, and they are usually operated by air or water, though 
screw jacks are sometimes used. Hydraulic jacks are usually con- 
sidered preferable to air jacks because of their more positive action. 
Cranes are generally provided over drop pits. 

120 The shop facilities necessary at the engine-house depend upon 
the distance from large repair shops. Generally speaking, the tool 
equipment should be sufficient to take care of running repairs, though 
if the house is located near a repair shop some of the machinery that 
would otherwise be necessary may be dispensed with. There should 
also be a tool room, conveniently located with respect to the machine 
shop and engine-house, in which small tools of all kinds can be con- 
veniently kept and drawn as required. The storehouse should be 
similarly located and should carry a sufficient amount of material 
to handle the repairs frequently necessary. 

121 There is nothing of particular interest to be said about the 
power plant of the average engine-house. Boilers, engines and other 
equipment may be of any type desired. It seems to be the custom 
to figure on about 10 b.h.p. per stall and, on account of the common 
use of air tools, a compressor capacity of about 20 cu. ft. of free 
air per minute per stall is usually provided. 

122 Oil houses are generally of fireproof construction, with the 
oil stored in a separate room from the place of distribution, from 
which it is drawn or pumped from tanks as required. The oil is 
usually stored in tanks in the basement, the size and number of the 
tanks depending upon the amount and variety of oils used. Self- 
measuring pumps are extensively used in modern installations. 

123 Of recent years there has been considerable demand for better 
and quicker methods of boiler washing, and as a result several sys- 
tems have been introduced. One of the earlier arrangements con- 
sists of an open cistern of perhaps 100,000-gal. capacity, located 
near the engine house. In this the steam blown off from locomotives 
is used for heating water to wash out the boiler, and in some cases 
also for heating fresh water with which to refill it. Recent installa- 
tions are the National, which is of the open-heater type, in which 
the steam and water blown off are used for washing out and for heat- 
ing fresh water; and the Raymer system, which is of the enclosed- 
heater type and performs similar functions. Blowing-off, washing 
and filling connections are generally provided between alternate 
stalls in the engine-house. 

124 Locker rooms are generally provided for enginemen, and fitted 
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with a sufficient number of expanded metal lockers to accommodate 
their clothing and small tools. These are located in a building near 
the engine-house office. Lockers are also provided for shop men, 
and are frequently located inside the engine-house on the walls of 
the building. The lockers are generally made of sheet steel with 
openings for ventilation. At points where boarding and lodging 
houses are not conveniently accessible, bunkhouses are frequently 
provided for the accommodation of the enginemen. These are usually 
provided with toilet rooms, shower baths, etc. 
THE ENGINE-HOUSE ORGANIZATION 


125 The details of handling engines vary greatly on different 
roads. It seems to be generally customary, however, to have the 
engineer relieved at the coaling station by a hostler, though at some 
plants inspection pits are encountered before the engine reaches the 
coaling station, and the engineer is relieved at those points. In some 
cases also the cinder pits are reached before the coaling station, 
though it is generally considered better practice to have the cinder 
pits next to the engine-house, so that if the fire is dumped the engine 
will have but a short distance to travel and encounter but little delay 
before reaching the house. The hostler, however, takes coal, water 
and sand, and moves the engine to the turntable and thence across 
to the house. 

126 The engineer makes out a statement on arrival, commonly 
called a “‘work report,” on which he indicates the condition of the 
engine and any work which he may know to be necessary. The 
engine usually receives an independent inspection, however, and notes i 
are made of any work required which has escaped the attention of a 
the engineer. The foreman, or his assistant, distributes the work 
and is responsible for its performance. 

127 Especially at large terminals, engines are frequently stored 
outside and do not enter the house except for boiler washing or 
heavy work of some kind. Switch engines, especially those that 
work night and day, are usually so handled. 

128 The organization varies with the requirements, but the engine- 
house and its plant are generally in charge of a foreman who has 
general supervision over the inside and outside operation. He ° 
reports to the master mechanic or general foreman, and attends to 
locomotive repairs and service including the assignment of enginemen 
to their runs. He usually has an assistant who attends to the dis- 
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tribution of work, including the supervision over such foremen of 
the various classes of work as may be required. Efforts are usually 
made to keep the night work as low as is consistent with the prompt 
handling of engines coming in for service or repairs. 

129 The cost of service varies greatly at different points. Most 
roads do the greater part of their work at the more centrally located 
engine-houses and comparatively little at outside points. This 
naturally causes a considerable difference in the cost of service, but 
in addition to this, various local conditions, such as the quality of 
boiler water available, the condition of track, the general condition 
of the power, and the available help and wage scales, have a con- 
siderable effect upon the cost of service. On one road with which 
the writer is familiar, the cost of service per locomotive varies from 
$0.50 or even less, at outside points, to about $3 at one or two 
important central points where a considerable amount of heavy 
work is done. The average cost by months for all engines housed 
during the eight months from July 1909 to February 1910, ranged 
from $1.50 to $1.73. These figures include service only. The aver- 
age cost per engine for the eight months is shown in the table. 


AVERAGE ITEMIZED COST OF ENGINE-HOUSE SERVICE PER MONTH PER ENGINE 


PASSENGER ENGINES 


130 The cost of service rendered freight engines on the same 
road during the year ended June 30, 1909, was 8.4 cents per thousand 
_ton-miles. 
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AMERICAN LOCOMOTIVE TERMINALS 


By WiLu1AM Forsytu, Cxicaco 


Member of the Society 


131 The most interesting example of American engine-house prac- 
tice is that in the classification yards of the Pennsylvania Railroad at 
Kast Altoona, Pa. Here the traffic from three divisions of the road 
is concentrated, classified and despatched. The freight tonnage 
passing through this terminal is claimed to be the largest handled 
by any single system of freight yardsinthe world. The total capacity 
of the yards is 10,500 cars. 

132 The eastbound traffic is composed largely of loaded coal and 
coke cars, and the number of cars handled per month in this direction 
is: loaded, 61,308; empty, 1306; total, 62,614. The westbound move- 
ment is composed largely of empty cars, with a total of 62,877 cars 
per month. In 1906 an average of 90 trains per day was received 
from the Pittsburg division and 60 from the Middle division, and the 
movement in one direction reached as high as one train every ten 
minutes for six hours. During the month of November 1909, the 
engine movement at this engine-house was as follows: 
Average number of locomotives despatched east and west in 


Maximum number despatched in 24 hours... .. 

Maximum number despatched in one hour including switch 


5 133 The trains are operated by consolidation locomotives, and on 


; account of the grades on the eastern slope of the Allegheny moun- 
“ tains westbound trains require three engines, two in front and one as 
0 apusher. Eastbound, the line follows a comparatively light gradient 
1 along the Juniata river, and here large trains can be handled by one 
18 ‘onsolidation engine. There are 35 switch engines, requiring 70 


‘ngine crews for day and night operation. During the month of 
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November 1905, there were handled over the ashpit a total of 6479 
engines. The number of men employed in the yards is 1830. The 
number of enginemen employed during the month averaged 1012 and 
the number of men employed about the engine-house, shops and 
coal wharf and on the motive power roll was 700. 

134 Nearthecenter of the length of the terminal (Fig. 22) is located 
a large engine-house, with ashpits, coal wharf, sand supply, a good- 
sized machine shop, storehouse and office, with bunk rooms over- 
head; also a power house, a fan house for heating, an oil house, and 
a toilet and locker house. 


135 The engine-house is in diameter and cross-section the largest 
structure ever erected for this purpose. It has an exterior diameter 
of 395 ft. and a turntable of 100 ft. There are 52 stalls 90 ft. deep 
The main portion of the house is 65 ft. wide and 30 ft. high. On the 
outer circle there is a lean-to 25 ft. wide and 18 ft. high. The engines 
head in toward this lean-to and the smokejack is located alongside 
the main columns at the outer portion of the main building. The 
main portion of the house was made 30 ft. high to accommodate 
a traveling crane, but columns for supporting the crane have not 
been erected, as jib cranes secured to the main columns were found 
more desirable. A cross-section of this engine-house is shown in 
Fig. 23. 

136 The turntable is operated by an electric motor. There are 
four drop tables, also operated by electric motors, two of them for 
driving-wheels, one large table for all wheels except the engine trucks 
and another for pony truck wheels. 

137. The coal wharf is a large structure arranged with a trestle 
approach having a grade of 3.88 per cent. The coal is dropped fron 
hopper cars directly into bins and no cover is provided for the cars 
as they are emptied entirely by gravity and no men are employec 
in the unloading. The storage structure is 32 ft. wide and 216 ft 
long. A special gate and hood are used for regulating the flow o 
coal from the pockets to the tender. A steel gate drops below thé 
floor of the pocket and is operated by a compressed-air cylinder. 

138 At one end of the coal wharf is a sand house, where sand i: 
dried in large stoves and descends through a grating to a reservoir 
from which it is elevated by compressed air to the sand bins over 
head, and flows by gravity to the engines. 


'¢ 
f-4 
: 


Fast Fre! gam Tracks “Galland 
<— Tod To ona Fo Harrisburg Standpipe | 12 Gulland 8” 
Standpipe Standpipe. ___, Inspection Pit, 


) 


24 x 106’ — 
12” Water Tanks MACHINE SHOP 
AZ 


f 
Sos: efield 12 q_Turntable 
julland 12” ~~ Gulland §Standpipe POWER PLANT 
Standpipe OFFICE & 
STOREHOUSE 
65 


| OIL HOUSE 
FAN JHOU SE 24'x 46 


\ \ 
7 Gulland 61 


— 


“Inspection Pit 


ite 
=, - 
= = 
= 
Fig. 22 Generat Pian oF East ALtoona Enaine-Hovuse anp Avxitiary STRUCTURES 


139 Near the approach to the coal wharf are four ashpits, each 
240 ft. long, two on each side of the wharf incline. Each pair is 
operated by an overhead 5-ton electric crane which spans four tracks, 
two of them over the ashpits for ash cars. Ashes are dumped from 
the engines into steel buckets which run on wheels on a track in the 


Heating 
Ipuct 


250 


Fic. 23 Cross-Section oF ENGInE-HouseE at East Attoona, Pa, 


ashpit. These buckets are elevated by the crane and transferred _ 
to the ash car, where they are dumped. Beyond the ashpits at the © 
extreme end of the coal wharf are inspection pits, 80 ft. long and _ 
3 ft. deep, and connected by an underground passage extending © 


under the coal wharf track. : 

ENGINE-HOUSE ORGANIZATION Ga AA 


140 The work performed in an engine-house includes almos 

everything in connection with locomotive repairs that does not % 
require the locomotive to be sent to the general repair shop. No 
attempt will be made to itemize these repairs. The work which 
must invariably be performed periodically consists of boiler testing 
every six months; boiler washing, from once a week to once a month 
a necessity arises; staybolt testing each week; examination of 
smoke-box, draft arrangements and ash pans, each week; testing 
steam and air gages each month; washing tenders each month; _ 
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692 AMERICAN LOCOMOTIVE TERMINALS 
gaging height of pilots each week; gaging tank water scoops each 
trip; testing air brakes each trip; draining main reservoirs each 
week. 


OF REPORTING AND PERFORMING DAILY WORK 


141 When a locomotive arrives the first information the organi- 
zation receives as to work necessary is in the engineer’s report which 
he delivers at the inspection pit when the locomotive is turned over 
to the inspectors. Five inspectors are here employed, as the work 
must be done thoroughly in a minimum time, so that the hostler 
can move the locomotive to the ashpit and make room in the inspec- 
tion pit for other locomotives waiting. One inspector examines the 
under-part of the locomotive and tender; one on each side inspects 
the outside parts, such as driving wheels, rods, steam chests, guides, 
crossheads and Walschaerts valve gear; there are two air-brake 
inspectors, one to operate the brake valve and inspect the fittings 
in cab and air pump, and the other to inspect all other parts of the 
air and sanding equipment. 

142 All defects found by the inspectors are entered upon regular 
blanks and transmitted, together with the engineer’s report, to the 
gang leader in charge at the inspection pit, who decides whether it 
is necessary to send the engine to the house or whether the repairs 
are so slight that they can be made on the outside repair pits in con- 
nection with the outbound storage tracks. His decision is marked 
upon the report, and upon the steam chest of the locomotive, and 
the reports are forwarded to the work distributor’s office by pneumatic 
tube in 45 seconds. This saving in time over the 10 minutes ordi- 
narily required by messenger is a decided advantage to the work 
distributor, as he is able to assign the work to various gang leaders, 
and have the necessary material ordered, before the locomotive 
arrives in the house or on the engine track. 

143. While the inspectors are at work the lamps and torches are 
filled and trimmed by two lamp fillers. There is no further necessity 
for the engine-house force to open the tool boxes, which are locked 
by the engineer, and the keys, together with his time card, delivered 
to the engine despatcher at the foreman’s office. The engineer 
is then relieved of all responsibility and of the care of the locomo 
tive. 

144 The engine moves from the inspection pit to the ashpit, wher 


eaned. It then moves t 
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the coal wharf, where the tender is filled with coal; and a little farther 
on reaches the sand house, where it receives a supply of sand and 
water. It then moves into the engine-house or to the outbound 
storaze tracks, as necessity requires. If it goes to the engine-house 
the track number and the time of arrival are reported by the turn- 
table motorman by telephone to the work distributor, who by this 
time has the work which was reported by the inspector and engineer 
subdivided and assigned to various gangs. After completing the 
work these gangs report the locomotive ready for service to the 
engine-house office, where arrangement is made for the movement 
of the locomotive to the storage siding to await assignment to 
a train. If the locomotive does not go to the engine-house it is 
moved directly from the sand house to the storage siding, and the 
necessary work is assigned to a gang located on the storage tracks 
to make light repairs, after which the locomotive is reported ready 
for service. 


wen” = 


ENGINE TRACING 


145 At East Altoona there are sometimes as many as 200 loco- 
motives within the engine-house jurisdiction and it was found neces- 
sary to inaugurate some efficient method of locating them exactly 
at all times, so that men sent to make repairs will have no 
difficulty in finding any particular locomotive required. This is 
accomplished by telephone. Each time a locomotive moves to 
another locality the engine tracer in the foreman’s office is advised 
as to where it came from and where it has been delivered, giving the 
number, the location on the track and the time in each case. When 
traffic at East Altoona is normal the engine-house must deliver 
ready for service one locomotive every five minutes during the whole 
24 hours of the day, as the engines for three divisions are here con- 
centrated. It is vitally important that everything should run in 
absolute harmony as any interruption in this rapid flow would quickly 
result in a congestion on the road. 


ENGINE DESPATCHING — 
— 


146 After the engine tracer has been advised that a locomotive 
is placed on the storage track for service, he informs the engine 
despatcher, to whom the crew callers report. The engine despatcher 
js also in touch with the yardmaster and is the middleman between 
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the engine-house foreman and the yardmaster. As soon as the -" 
master receives information that he needs a locomotive and crew 
for a certain train of a given class at a certain time, he advises the 
despatcher, who immediately calls out a crew, and when they arrive 
assigns to them the locomotive selected, which is standing on the 
outbound storage track. A telephone system has been installed 
whereby all crews may be called. The houses of the enginemen 
have been equipped with telephones connected with the engine-house 
office, an arrangement which dispenses with messengers and enables 
the crews to be called very promptly. 

147 The fireman usually arrives first, and after receiving his time 
card and keys he takes charge of the locomotive, relieving the engine 
watcher of any further responsibility, and immediately prepares a 
fire for road work. The engineer, upon arrival, after receiving his 
time card at the engine-house office and inspecting the bulletin 
board to read any new orders, goes to the locomotive and oils the 
machinery, and then waits until he is given the proper signal to move 
out of the storage yard. The crews are usually called in sufficient 
time to prepare the locomotive properly for road work prior to leav- 
ing the storage track. 


= 


148 For the operation of this locomotive terminal an elaborate 
organization has been worked out, based upon the principle that 
none but the heads of sub-departments shall report to or receive 
instructions from the foreman, his assistant or the work distributor. 
The responsibility of supplying material and the supervision of the 
workmen are placed directly upon these gang leaders, who are fore- 
men of their respective gangs. Certain questions of discipline 
must be handled by the foreman personally, but questions relating 
to rates of pay, transfers, discipline, etc., ought to originate with 
the gang leaders, and their duties not be confined to giving out work 
to the men after the distributor has assigned it. This results in 
successful operation, but it also gives some dignity to the position 
of gang leader, and at the same time relieves the foreman of petty 
details. 

149 Theforeman of a large engine-house should not be an ordinary 
shop man, but should have some outlook over and interest in the 
operating department. He should be a good disciplinarian, com- 
manding the respect of his men, should display clear judgment and 
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form conclusions quickly. He should be a good all-round organizer 
and capable of taking care of business promptly during rush hours. 
He should know how to make brief and intelligent reports and possess 
mechanical ability. He should be broad-minded enough to recog- 
nize that there is a commercial side to transportation, and should 
not be overburdened with office work. His assistants should possess 
sufficient ability to decide what work may be slighted or not done 
at all, and a locomotive still be safe to make one or more round trips. 

150 The engine-house foreman receives from the division master- 
mechanic instructions pertaining to such matters as the number 
of men required, rates of pay, discipline, maintenance of his entire 
plant, and standards. He receives from the division superintendent 
instructions relating to crews and despatching of locomotives, and 
carries out such discipline of the engine crews as may be imposed 
by the division superintendent through the road foreman of engines. 
He must coéperate with the road foreman of engines concerning the 
condition of power and its performance on the road, and the amount 
of coal and oil consumed. He must carry out orders issued by the 
road foreman of engines concerning the assignment of locomotives 
and crews. At East Altoona the engine-house operation is a con- 
tinuous one throughout the day and night, and the night force is 
practically the same as the day force. 

151 Reporting directly to the engine-house foreman are the assis- 
tant day foreman and assistant night foreman. Reporting to assistant 
foremen for office work are the first clerk, who takes all the foreman’s 
and the assistant foremen’s dictation, and the second clerk, who has 
charge of all messengers and ordinary clerks who may be engaged 
in computing the time and earnings of the men and in getting together 
all the information required by the master mechanic’s shop clerk 
and for properly keeping the records. Next in order is the engine 
despatcher, to whom report the engine tracer, the callers and the 
clerks who keep the records of engineers and firemen and of locomo- 
tives arriving and departing. The engine despatcher marks up 
the crew board, issues time cards to engine crews going out, and 
accepts and approves them upon their return. 

152  Nextin order reporting to the assistant foreman are the various 
jang leaders. First is the gang leader in charge of the machine shop. 
The work of his men is confined to machine and vise work, and they 
are not called upon to leave the machine shop and make repairs in 

he locomotive shop or storage yard except in cases of emergency. 
Their work is chiefly preparing and fitting the repair parts which 
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‘ the engine-house employees apply to the locomotives. The gang 

: leader in charge of the blacksmith shop has charge of all smiths and 

helpers, as well as the forces of flue welders and laborers in the engine- 

: house engaged in piecing flues and preparing them for locomotive 

i : boilers. The gang leader of the power plant has full charge of sta- 


tionary engineers and firemen, electricians and wiremen. Another 
gang leader has charge of the ordinary helpers and sweepers in the 
engine-house, who keep the shop property clean. 

153. The foreman in charge of all employees actually handling 
locomotives, from the time they arrive at the terminal until they 
are turned out, also of all workmen engaged in the engine house or 
storage yard, is called the work distributor. Clerks reporting to his 
two assistants receive the engineers’ and inspectors’ work reports 
and copy the work required on slips of paper numbered consecutively 
and properly dated. These slips are then delivered to the gang 
leaders of the men who perform the work. 

154 The men composing the gangs working on a piece-work basis 
are divided into pools of three or four men, with leaders. The pool 
leaders are under the direction of gang leaders. When the earnings 
of three or four workmen are pooled it is found that each man is 
determined that the others should perform their fair share of work, 
and in case one man fails to do this the remainder insist that the 
lazy or careless workman be taken out of their pool. 

155 The gang leaders at the inspection pits are in charge of inspec- 
tors, lamp fitters and engine preparers, who handle the locomotives 
between the inspection and ashpits. 

156 There are three assistant gang leaders in charge of the engine 
preparers. Assistant No. 1 has charge of all work in cleaning fires 
and placing the locomotives in the engine house or storage yard and 
of the ashpit men and crane operators who load cinders. Assistant 
No. 2 has charge of the coal gagers and sand house men, turntable 
operators and men engaged in handling locomotives from the engine 
house to the storage yard. Assistant No. 3 has charge of the men 
handling locomotives in the storage yard and despatching them when 
ordered for service, including engine watchers, switchmen and engine 
timers. 

157 Next reporting to the work distributor is the gang leader of 
boiler washers, whose men wash out the tenders, blow out, wash, fil! 
and fire all boilers, and watch locomotives until they are removed 
from the engine house. Next is the gang leader of staybolt inspectors, 
Babe men test staybolts and examine fireboxes and tubes. Ther 
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is a gang leader of boiler makers, engaged in renewing tubes and stay- 
bolts, patching, testing and calking tubes, and general boiler work. 
A gang leader of engine cleaners has charge of men cleaning locomo- 
tives and tenders. There is a regular schedule for doing this work, 
and it is so arranged that the work is performed when the locomo- 
tives are receiving staybolt repairs or boiler washing. A gang leader 
of spongers is in charge of packing journal boxes and other work 
relating to lubrication. In the engine-house there is a gang leader 
of machinists, who are engaged in setting valves, renewing packing 
-and all other general machinist work on the locomotive proper. 
~The gang leader of tank repairs is in charge of repairs to tenders, 
frames, tanks and couplers, of renewing truck wheels, and other 
tender repairs. The gang leader of air-brake repair men keeps in 
pe the air brakes and sanding equipment. 
158 The gang leaders of men on piece work should have not more 
than ten or twelve men under them, with the exception of the gang 
on boiler work, which may require from one to four days to complete. 
POOLING LOCOMOTIVES 


159 Improved engine-house facilities, more system and better 
organization are favorable to the pooling of locomotives, and this 
practice has become more general for freight engines in the United 
‘States. As recently as in 1905 the reports on pooling presented 
at the International Railway Congress indicated that pooling was 
not used on the majority of railways in the United States under 
normal conditions of traffic. The large increase in traffic in propor- 
tion to the number of locomotives in 1906 and subsequent years has 
compelled most of the roads to resort to the pooling of freight engines 
and the double-crewing of passenger engines, and these methods are 

now well established on the majority of American railways. By 
improved methods the operations of cooling down, washing, and 
filling with hot water may be performed in less than two hours with- 
ut injury to firebox and tubes, and this alone has contributed in a 
‘arge measure to the success of pooling. The reduction in boiler 
ressure from 225 Ib. to 160 and 180 lb. has also reduced the number 
f boiler failures and permitted the more continuous use of locomo- 
‘ives which results from the pooling system. 

160 The amount of work which the engineers and firemen do at 
‘ie engine-houses is now so small that it is almost confined to lubri- 
ation of machinery and inspection of tools and supplies on engines, — 
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and no dependence is placed on them for repair work. The engineer 
is required to report any defects or needed repairs which he observes 
while running the locomotive or by casual inspection on the outside. 
The machinery underneath is inspected by men regularly employed 
for that purpose, and inspection pits in the tracks approaching the 
engine house are now regarded as an essential of a modern locomo- 
tive terminal. With the changes in practice above indicated, the 
pooling of freight engines is rendered more successful and satisfac- 
tory and its effect on the cost of locomotive repairs is not so pro- 
nounced as formerly. 

161 On some railways where shop facilities are limited, locomotives 
are required to make a large mileage before they go in for general 
repairs. The principal items which send engines frequently to the 
shop are worn tires, defective tubes, and, perhaps, worn driving 
boxes. At some engine-houses all these repairs are made, the worn 
tires being replaced by new ones or by others which have been turned 
at the shop. In this way such machinery as rods, crossheads, guides 
and link motion, is kept in service, so that passenger locomotives 
make as high as 127,000 miles, and freight locomotives, 100,000 
miles between general repairs, one passenger locomotive making 
256,000 miles between shoppings. Passenger locomotives aver- 
age 120,000 miles and freight locomotives, 95,000 miles. 

162 On the Chicago, Burlington & Quincy for the last six months 
of 1909, pooled freight engines made on one division as high as 4167 
miles per month and 110 engines on three divisions averaged 3777 
miles per month. On other roads passenger engines double-crewed 
make an average of 6500 to 7500 miles per month, one road report- 
ing for engines in express service 418 miles per day and 12,780 miles 
per month. 
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162 The desirability of pooling engines in place of operating 
them by regularly assigned crews depends, in the writer’s opinion, on 
whether the engines are engaged in passenger or freight service, and 
in the latter case, on the conditions which exist. 


163 Where traffic conditions admit of the engine making greater 
mileage than can properly be run by one crew, two crews assigned to 
one engine, or three crews to two engines, will enable the engine to 
make as great a mileage as is desirable. On account of the compara- 
tively short time occupied from terminal to terminal, the crews can 
usually make a round trip without holding the engine longer than is 
required to handle it and prepare it for the return trip or to await its 
train. By using more than one crew to the engine, it is theoretically 
available on its return just as soon as though it were pooled. In prac 
tice, unless pooling is carried to the extent of sending out any engine 
on any train, certain engines are regularly used on certain trains or 
groups of trains, and it is comparatively easy to arrange the crews 
and engines so that a reasonable time may be allowed for repairs and 
yet ample service be obtained from the engine. When working with 
assigned crews it is of course usual to employ some extra passenger 
nen to take the place of the regular men, who are also available 
lu case an extra trip is required from an engine on account of specials 
or extra sections of regular trains. Where regular scheduled trains 
Lave to be provided for, this system is as flexible and convenient 
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* 
as pooling and has the additional advantage in passenger service 
that the men run certain trains regularly, and will consequently give 
better service than when handling a number of trains indiscrimi- 
nately. 

164 Pooling in passenger service probably does not require much 
discussion. The system is not in extensive use and will presumably 
have few advocates. The writer would, however, state as a result 
of his experience with both pooled and assigned engines in passenger 
service, that he jis most strongly opposed to pooling in this service 
and considers that far better results can be obtained from as- 


FREIGHT SERVICE 


165 Here conditions are very different. The time is slow and a 
long time is occupied from terminal to terminal, so that crews may 
require a full allowance of rest on arrival, or may even have to be 
relieved on theroad. Few, ifany, of thetrainsrun at regular hours, and 
in place of following a defined schedule, the demand for engines varies 
with the traffic. When business is heavy, engines are wanted as soon 
as they are repaired and ready for service, making it difficult, if not 
impossible, to select the engines in any particular order. By pooling, 
such difficulties may be more easily met, especially at large terminals. 
When engines are assigned the practice usually required by the agree- 
ment with the men is that engines shall be prepared and despatched 
in the order in which they arrive, butif the engine isready its use may 
be retarded by the time required by the crew for rest. In pooling, 
both these objectionable conditions vanish. An engine may be turned 
at once if fit for service and thus rendered immediately available, and 
the movement of the men being entirely independent of that of the 
engines, the detention of engines at a terminal can be regulated by 
simply increasing or decreasing the number in the pool. 

166 Under such conditions, if pooling is not carried on in name, 
it will be in fact, simply because business can not be handled unles- 
engines are used without reference to the order of their arrival. 
Granted therefore that pooling is advantageous under these condi- 
tions, it should be done properly. All the features necessary to a suc- 
cessful pooling system must be employed, such as thorough termin:! 
inspection independent of the engine crews, and arrangements fur 
handling tools and engine supplies, and caring for headlights, oil cup, 
etc. If pooling is resorted to when business is especially heavy, «' 
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when traffic is disturbed by storms or by other causes, without 
proper arrangements being made, the results are most objec- 
tionable. Under these circumstances, the condition of the power will 
depreciate rapidly and the service rendered will be exceedingly ineffi- 
cient. The maxim is frequently stated, “If you pool, pool,” and its 
wisdom has been demonstrated by experience. The real question 
about pooling is therefore whether there are conditions under which 
it is preferable to adopt the alternative practice, that of running 
engines with assigned crews. This depends on the results obtained 


rom the two systems, which are i e writer’s experience as follows: 
f the t ystems, which are in the writer 


167 Mileage. It is possible to obtain a somewhat greater average 
mileage per engine under the pooling system, but the increase does not 
exceed ten per cent when traffic is being handled smoothly and with- 
out excessive congestion and delays. 

168 Repairs. When running successfully under the assigned 
engine system, repairs are less than when similar conditions exist with 
pooled engines. A man running an engine regularly keeps up the 
smaller details and knows what. work is required at once, and what 
‘must be looked after in due time. His inspection reports are more 
reliable than those of a man who has had an engine for one trip only. 
As he has to run the engine next trip as well, he will handle it with 
greater care and avoid any action that will cause him trouble in the 
future. Men who have been accustomed to running pooled engines 
will not do all this at once, but they most certainly will if assigned to 
an engine for any length of time, and the difference is noticeable in 
engine-houses where some engines are assigned and some are pooled. 

169 Engines are sometimes taken care of by the headquarter sta- 

tion system, the work required to maintain the engine in proper con- 
dition being done at the terminal designated as the home station, 
while at the other terminal the only work done is that necessary for 
the return trip. With thisarrangement,even with pooled engines, the 
same crew will, if possible, make the round trip; but when they are 
changed, practically as much work is required at the away station as 
at the home station. The result is a considerable increase in the cost 
f repairs, for there is not as a rule very much difference in the cost 
at the home station. 

170 When the assigned engine system proves inadequate for traffic 
lemands, the results change. Men will endeavor to book enough work 
against the engine to hold it until they have rested, and on the other 
nand engines are liable to be wanted before repairs that are actually 
required are completed. Under these conditions engines may be bet- 
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ter and more cheaply maintained when pooled; but under normal — 
conditions the writer’s experience would show that with assigned — 
crews the cost of running repairs may be reduced five to ten per cent 
and better mileage obtained from the engines between shoppings. 

171 Fuel. It is almost impossible to determine the fuel consumed 
by an engine on an individual trip, and consequently difficult when | 
pooling to keep any record of the amount of coal used by different 


locate the responsibility for any excessive consumption. The prac- 
tical result is that on pooled engines, individual fuel records are of — 
comparatively little use. With assigned engines, while trip records 
may not. be individually accurate, the average of several consecutive 
trips soon becomes so, as the variation of the amount of coal left 


the tender, while important on one, is of comparatively small impor- 
tance on a number of trips. There is no doubt in the writer’s mind 
that individual coal records, whether by trip or by period, are an 
important factor in obtaining economical results in fuel consumption, 
both from men and from engines, and he ascribes the good results 
that have been obtained on the Canadian Pacific Railway largely to 
the careful way in which the records have been watched. 

172 Apart from the records, the familiarity of the men with 


engines has an important bearing on fuel consumption. Most engines 
vary slightly in the way they burn the coal, in the nature and intensity 
of the draft, and in the best position for the throttle and reversing 
lever. Crews knowing an engine thoroughly learn about these pecu- 
liarities, while they do not when running a different engine each trip. 
One crew will obtain from an engine results that are impossible for 
another crew, and thus the result with assigned crews is a tendency 
to higher efficiency than when every engine has to be drafted and 
adapted to do the work with the poorest crew on the division. It is 
only necessary to watch the difference in the way an engine is handled 
by a regular crew and by a pooled crew, to realize the advantage of 
the former, and important results have been clearly shown with the 
same men and engines, on divisions where the two systems have been 
in effect. 

173 Service. Theremarks that have been made in connection with 
repairs and fuel apply with almost equal force to the class of 
service obtained from the engines, with reference to failures, break- 
downs and ability to make the time required. A crew that knows the 
engine will get more out of it than one that does not. They will notice 
any difference in its working and will take more interest in getting 
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any defect rectified. They will keep their equipment in better condi- 
tion and will pay more attention to bearings which show signs of heat- 
ing, ete. All these conditions lead to better and more efficient service. 

174 Engine-House Expenses. Inspection, the care of tools, the fill- 
ing of lubricators, headlights and cab lamps, are commonly looked 
after on assigned engines by the crews. When engines are pooled this 
work has to be done by the engine-house force. At a large terminal 
this expense is not large, but when the number of engines handled is 
small, it is difficult to arrange the duties of the men doing this work 
to prevent its becoming a serious item. Conditions vary on different 
roads in this respect, but the fact remains that this work is not in any 
way burdensome to men having a regular engine, while it is burden- 
some if they are required to prepare a different engine each trip, and 
conseque ntly they object to it very strongly. In the majority of cases 
this work constitutes an additional charge on engines that are pooled. 


CONCLUSION 

175 In cone lusion, the writer considers that in passenger service 
pooling is objectionable under any conditions and should be avoided 
‘if possible. 

176 Infreight service, pooling is advisable if conditions are such that 
engines cannot be run with assigned crews, and probably on divisions 
where business is so heavy that sixty engines per day or over are des- 
patched from the terminal; but the writer’s experience is that where 
assigned crews can be used on engines, the cost of repairs, the amount 
of fuel consumed, and the class of service obtained, will all be more 
satisfactory. 

177 He therefore regards pooling as a practice that may be neces- 
_ sary under certain conditions, but that is certainly not desirable if the 
alternative system can be satisfactorily carried out. 


— 
q— 
+ 
. 
4 
4 


No. 1290d a 

DISCUSSION ON LOCOMOTIVE HANDLING AT 
TERMINALS 


GborGceE HuGues,' in opening the discussion, said that in Fig. 5 
Mr. Paget gave a drawing of a through-straight shed. On the 
whole, however, it appeared to him that greater prominence was 
given to the round sheds, because more drawings were given of 


them, and the members possibly took more notice of full-page 
drawings, although the general practice in this country was the 
straight shed. The form of shed adopted by the Lancashire & 
Yorkshire Railway was a straight shed with a dead end, that is, it 
Was not a through shed, and it was their general experience that no 
great difficulties were encountered. It was necessary for the shedmen 
to exercise care in shedding the engines, and there were generally 
seven or eight engines on one road. Certain roads were delegated 
to washing out, and as a rule, it was known which engines required 
repairing, and consequently with a little common sense they were 
able to work the sheds economically. The feature of the round shed 
was that it was possible to get at any individual engine, and move 
‘| in-and out quite easily, so long as the turntable was in good order. 
it was readily conceivable in that case, that if an engineer put all 
is eggs into one basket he took extraordinary care of that basket. 
lowever, in the case of moving a dead engine, say, from an ordinary 
» the sheer-leg road, such dead engine could only be moved by a 
unaber of men with pinch-bars, unless two live engines and two addi- 
onal clear roads were available. 
He agreed with what Mr. Paget said on the question of washing 
it, that it was highly desirable to introduce a hot-water apparatus 
‘changing and also for washing out. The engineer obtained his 
‘urn from the saving in repairs to boilers; and for a railway com- 
iy spending £70,000 or £80,000 on boiler renewals or repairs 
annum, it was quite conceivable that it was fairly easy to get a 
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return there. His company had given considerable thought to the 
question and proposed, when extensive alterations were being carried 
out in certain sheds, to install such an apparatus. 

Mr. Paget had laid considerable emphasis on engine-shed stores, 

_ saying that if the stock of stores was kept down, the standing charges 
would thereby be reduced. It would be of interest if Mr. Paget 
would be good enough to say what value of stores he held in stock 
at the running sheds per engine in steam. For the information of 
those present, he might state that on the Lancashire & Yorkshire 
Railway the figure was £8 5s. He did not know if that was a high 
_ or low figure; he was rather inclined to think it was a low figure. He 
- would very much like to know what American practice was in that 
respect. As Mr. Paget had pointed out, they had been able to arrive 
at the state of things described in the paper by having six traveling 
- vans, three of which were always at headquarters, and three between 
headquarters and the various sheds. If they got a demand at Hor- 
- wich at 5.30 p.m. for a big end or for a repaired injector, or what- 
ever might be wished, it could be delivered at Goole, 843 miles away, 
_ by 8.30 in the morning. They also had a central stores for running 
- repairs materials which considerably assisted in the matter, and as 
a result, they had been able to keep down the percentage of engines 
waiting for materials from headquarters to a very great extent. 
‘ y A great deal of water softening was done by different railways. 
' His company had several plants, and for a number of years had used 
a boiler composition which consisted chiefly of sodium carbonate 
and a small percentage of caustic soda, which had been fairly success- 
ful in keeping the scale soft. On the Lancashire & Yorkshire Rail- 
way system there was a very large percentage of hard water, and also 
water containing a large percentage of solids in solution, and con- 
sequently several proprietary articles had been tried during the last 
few months with considerable success. 

So far as he remembered, nothing was said about engine cleaning 
either in Mr. Paget’s paper or in the American papers. There was 
one great feature in English running-shed practice, as distinguished 
; from American and continental practice, to which he wished to call 
attention. English railway companies spent a considerable sum of 
a - - money on cleaning, a three-fold result being obtained. First of all, 
they believed it was a good advertisement; secondly, they thought 
«it, had a considerable moral effect upon the enginemen, and conse- 
- quently upon the repairs to the engines; and, thirdly, it was the train- 


- ing ground for the young men who eventually became firemen and 
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drivers, so that in the case of emergency, of heavy excursion traffic 
or a heavy glut of goods traffic, there were always a number of men to 
fall back upon to take the place of firemen, the senior firemen tak- 
ing the place of drivers, sv overcoming what he believed was a 
difficulty in the States. If that was not the case, he hoped some of 
their American friends would correct him. 

He had compared his company’s practice in regard to the number 
of engines waiting for repairs, and being washed out; and it was a 
curious coincidence that it came out practically the same as Mr. 
Paget’s. He would like some further information on the proportion 
of failures, a question on which very little had been said—he did 
not know why. If some of his friends knew how bad his failures 
were, it might encourage them to say how good theirs were, and it 
might, therefore, be useful if he stated that, on the average, he had 
two engine failures per day, that is, engines unable to continue their 
journey, and there were just over 1000 engines in steam per day. 
However, if those failures were included which did not cause any 
delay to traffic, the number would drop down to one half at once. For 
the month of June the number of failures to passenger trains where 
a delay of ten minutes and upwards was caused, was sixteen, and 
the goods trains nine. The chief causes of the failures were leaky 
tubes, and occasionally burst tubes; about fourteen per cent of the 
failures were due to leaky tubes, and five per cent to burst tubes; 
in addition to which, hot axles, and so on, were responsible for a cer- 
tain proportion of the failures. Another thing which engineers in 
this country had to contend with was the extraordinary care which 
had to be taken to keep the men’s hours within the limit of twelve, 
to do which required a considerable amount of organization. 

In Fig. 20 Mr. Clark showed a turntable fitted with a motor- 
driven pony truck, and it also appeared that American turn- 
tables were about one hundred feet in diameter. He wished to 
say quite candidly *that he envied American engineers in that 
respect. He mentioned the question because his company had re- 
cently introduced 60 and 65-ft. turntables, but it already possessed 
inany 55-ft. turntables in excellent order, comparatively speaking, 
and consequently it would not be a commercial proposition to scrap 
them simply because the engines were getting very heavy at the 
smoke-box end. A small 3-h.p. pony truck had recently been intro- 
duced for operating the turntables, and their life had therel vy been 
very considerably prolonged. He had been much interested in the 
general plan of the East Altoona shed (Fig. 22). He remem- 
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 bered very vividly how impressed he was with that shed and yard, 
and also with what appeared to him an extraordinary operation 
ee going on when he visited that station some five years ago. It was a 
Sunday morning, and a freight engine had just come in with the cen- 
c ter driving tire very slack. He found that a gas ring had been put 
round for the purpose of expanding the tire, and pieces of thin sheet 

steel were being pushed in between the rim and the tire. The tire 
was then allowed to cool down, and within a reasonable timethe 
engine went out again on the road. The fire was never drawn out 
of the fire-box, and the engine was in use again the same afternoon. 
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a That was all very well in its way, but he was not quite sure whether 
a he dared to do the same thing. On the Lancashire & Yorkshire 
: : Railway, when such a repair was needed to an engine the wheel would 
: be taken out and properly attended to. From the American point 


of view, no doubt it was good practice; it kept the engines away from 
the repair shops for a longer time, and so on. In this country for 
some years the lodging-house system or enginemen’s barracks, had 
been introduced for the drivers, firemen and guards. 


Joun A. F. Asprnauu,' before calling on the next speaker, desired 
to make a few remarks with the object of tempting some of their 
American friends to make some observations on points which com- 
pared with English practice. He noticed that both in America and 
in England it was the practice of a great many of the railway com- 
panies when an engine had to be lifted at a running shed, either be- 
cause it had a hot box, or something else was wrong, to put it under 
a sheer legs and lift the engine up, take a pair of wheels out, and exam- 
ine the tire or the axle-box, as the case might be. He ventured to 
think there was a much better way than that of doing the work, one 
_ which was in use in this country, and which it seemed to him was also 
better engineering. He suggested that a hydraulic wheel drop should 
be placed in the engine sheds, so constructed that the pair of driving- 
wheels could be placed over it and the keeps slacked out, as soon 
as the engine came in; the wheels could then be dropped down 
below the engine; the axle-box could be examined, fitted up again, 
and put right in the course of an hour or two; the wheels could be 
pushed up into their place, and the engine could go out again without 
any trouble. He thought that was better engineering, because it 
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was far better to drop three tons of wheels than to lift thirty tons of 
engines. He would like to know what the modern American prac- 
tice was in that respect. Figs. 24 and 25 showed photographs of the 
wheel drops that were in use at most of the engine sheds on the 
Lancashire & Yorkshire Railway, so that the members might have 
the opportunity of seeing the form of apparatus actually in use. 

One remark which Mr. Paget had made might, he thought, lead 
to misapprehension. He did not think Mr. Paget quite meant what 
he said, but he actually stated that 25 per cent of the engines on the 
Midland Railway were not at work. He believed it would be found 
that the usual practice in this country was that there would be about 
10 per cent of the engines at the shops. He thought Mr. Paget 
must have meant that the balance of the 25 per cent were being washed 
out or detained in the sheds in order that some trivial job might be 
performed, or something of that kind, but 10 per cent would be a 
reasonable figure for the number of engines in the shops at one time. 

Another thing which Mr. Paget had mentioned was the use of the 
Hollerith tabulating machine, an American machine which was used 
on the Lancashire & Yorkshire Railway with very great success. 
In any large locomotive establishment the drivers’ returns were 
received in enormous numbers every day. He had forgotten for the 
moment how many returns were actually received in their own office 
every day, but it was not less than 3000 every morning. Those 
returns showed the miles run, the coal consumed, the oil consumed, 
the time occupied, ete. All those figures had to be tabulated, so 
that statistical returns of the work done could be properly recorded. 
To write all that out would mean an enormous amount of clerical 
‘labor. He did not wish to go in great detail into the subject; he 
nerely desired to draw the attention of the members to the particular 
‘orm of machine used, because it was so good for tabulating purposes, 
uot only for the particular purpose to which he had referred, but for 
‘caling with all sorts of engineering figures. The process was roughly 
‘s follows: A document came in which was covered with figures. 
‘orresponding cards were printed, which had places on them for 
‘10se figures, but the figures were represented by holes punched in 
tie cards. Each card was put in a machine not unlikeatypewriter; 
« boy looked at the figures, and as quickly as an operator could work 
on the typewriter he perforated the card. Perhaps a hundred cards 
vould be done right off. The cards were then placed in a tabulating 
nachine, on which were a set of what looked like steel knitting 
ieedles. These needles were brought down on the card; where there 


— 
> 


ok 
LOCOMOTIVE HANDLING AT TERMINALS 


FY, 5 


RAM 8%" DIAM. 


STROKE 10:0 


WORKING PRESSURE 
1500 LBS. PER SO. IN 


4 
in! 


SN 


T 


Via. 24 Sranparp 20-l'on Hypravutic L. & Y. Ry. 


— 10 
ALE 


DISCUSSION BY J. A. F. ASPINALL 711 


was a hole in the card the knitting needle would go through; where 
there was not a hole it would not go through. When the knitting 
needle went through, it went into a bath of mercury, and formed an 
electric circuit by means of which the number represented by the 
perforation of the card was, by a set of figures in front of the operator, 
instantly recorded. The figures could be tabulated very rapidly, and 
records made in £ s. d., or tons of coal, gallons of oil, etc. This isa 
very interesting piece of mechanism which saves an enormous 
amount of time. 

There was one point with regard to engine-shed pits to which he 
desired to direct attention. One of the leading American engineering 
and railroad journals, in anticipation of the joint meeting of the Insti- 
tutions, had recently been publishing an admirable series of articles 
upon running shed practice. The author of the articles thought 
that the bottom of the pit should be convex in section. 

He thought that ‘was wrong. A pit was required underneath the 
engine so that the engine could be properly examined, and as a large 
railway had some miles of pits, their construction was worth consid- 
ering. He allowed that it was more necessary in this country because 

_ the engines had inside motion, whereas in America they had outside 
cylinders; but in the latter country compound engines were now being 
used with inside mdtion as well as outside motion. Therefore, the 
pit ought to be made in such a way that it was possible to walk quite 
easily along it, and the form described was bad because the bot- 
tom of the pit was always greasy. If a man stood on such a floor his 
legs were spread out and he might get hurt. It was greasy and dirty, 
and at some place in its length it was necessary to put in a drain 
because grease did not run off easily. Another practice was to make 
the bottom of the pit concave in section. Water was always present 
in such a pit, and the man examining an engine always got his boots 
wet. Neither in that form of pit nor in the one which he had pre- 
viously described could a piece of packing be put in to stand on if 
it was desired to get up properly to do the work. He thought the 
better way of making a pit—he did not say the best way—was with 
« slightly sloping bottom, with a drain at the side covered with a 
verforated wrought-iron plate. If the pit was built in that form 
‘he water ran off immediately; it drained off near the exact spot 
at which it came in, and the drain could easily be cleaned. The 
packing on which it was necessary to stand to examine the engine 
.ay level on the bottom, and the man could work comfortably with- 
out fear that when he was using a spanner for tightening up he 
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would slip and fall to the bottom of the pit. In building an engine- 
shed pit it was always necessary to bear in mind the class of 
engine which would be dealt with in the shed. He had a theory, 
whether he was right or not he did not know, that the height from 
the bottem of a pit up to the center line of the motion ought to be 
about the average height of a man from the bottom of his feet up to 
his eyes, so that the center line of his eyes would be about opposite 
the center line of the motion which he had to examine. 


James M. Dopae' said he did not approach the subject in any way 
from the standpoint of a railroad man. He was simply a constructor 
of locomotive coaling stations, which had been built to suit the views 
of railroad men. It would be almost impossible for him to say any- 
thing of special interest to those engineers who were residing in this 
country, except in the most general way. For instance, in the Uni- 
ted States, engineers were very far from arriving at any standard of 
practice. In order to give an idea of the extreme conditions which 
had to be contended with, he thought it would be of interest if he 
stated that the company with which he was connected had constructed 
locomotive coaling stations to accommodate in some cases as much 
as 40,000 tons of coal, so as to be directly available for the coaling 
of locomotives. In other cases there was no coal storage at all, reli- 
ance being placed upon the almost daily receipt of small quantities 
of coal. These represented the two extremes. In the one case there 
was no pit at all; it was simply a matter of coal and water, and not 
even sand. In the larger station to which he had referred, where 
10,000 tons of coal were stored, every provision was made for pits, coal, 
vater andsand. The most general practice in the United States 
was the use of the inclined trestle and the overhead track, if there was 
olenty of room. 

When the coaling of locomotives had to be done in locations where 
‘ind was valuable, and where it was quite impossible in some cases 

) make an incline of sufficient length, the use of mechanical appli- 

‘nees to fill the bins or pockets overhead was necessary. The bal- 
ced bucket type was used very largely in the United States. It 
as a rather simple apparatus, shown in Fig. 17. There were two 
-uckets going down into the pit alternately, so that coal could be 
rawn from the bottom of a car directly into one of the buckets, 
‘te bucket elevated, and the coal passed to the overhead bin, or 
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discharged into small cars and (distributed. In other cases the 
vertical bucket type of elevator was used, or with a shorter incline a 
conveyor with either one or two chains and scrapers. ‘ : 
The managing men on all the American railroads were, unfortu- 
nately, so far as he knew, suffering from a lack of uniformity on the 
accounting side of railway management, with the result that there 
were no data available which were absolutely reliable as to the rela- . 
tive cost of coaling locomotives by the various types of apparatus 
described. That difficulty arose from the fact that they were still 
suffering from the misuse of comparative reports. By that was meant 
that a division superintendent on one road might have his reports 
compared with those of a division superintendent on another road, 
and the items which went towards making up the cost in the two 
cases were not identical. There was always a desire, if it was possible 
to do so, to shift expense charges on to some other department, with 
the result that very conflicting reports were obtained. He had him- 
self seen reports made of the cost of everything connected with coal- 
ing at a large central coaling station, where the figures had been 
double those reported and claimed by exactly the same apparatus in 
another locality. That, of course, was perfectly ridiculous; simply 
on the law of average it would be impossibleto get a very great diver- 
gence of results, with a number of items. He thought, however, that 
the condition of affairs was becoming better; and he knew that on 
some railroads, especially on the Union Pacific, they had gone so 
far as to try an experiment, which looked as if it were going to work 
out well, namely, of doing away with all sub-titles, such as master 
mechanics, engineers of bridges and the like, and having a super- 
intendent, every important man below him on the division being 
an assistant superintendent. That experiment had resulted in some 
very interesting features. For instance, at present on some roads, 
the superintendent of bridges and the engineer of maintenance of 
way might be sitting back to back each at his own desk, and some- 
times these men would amuse themselves by writing long letters to 
each other instead of turning round and talking the question over, 
simply because they happened to be in different departments. On 
the Union Pacific system these two men would now both be assist- 
ant superintendents, and if the man who paid more attention to the 
maintenance of bridges than anything else saw a baggage man (Amer- 
icans spoke of them colloquially as ‘‘ baggage smashers”’) delinquent 
in his duty, he had authority to correct him. The agent in charge of 
the station could also be chided, or corrected, or directed to do what- 
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ever was right and proper by any one of the assistant superintendents. 
He knew, of course, that by absorption a group of men of equal intel- 
ligence, all working for the good of a railway, must acquire through 
a term of years, much identical knowledge; at all events, they had 
almost the same opportunities for the acquisition of that knowledge. 
It was not possible to say exactly where one man’s knowledge ended 
and another man’s knowledge began; and it had consequently been 
found that every one of those groups of men of equal ages and equal 
intelligence, and having been in railroad business for an equal number 
of years, was competent to attend to 90 per cent of the duties of the 
others, provided they were all working under the management of the 
same man, and that the superintendent was their supervising officer. 


Henry Fow er! said that while the subject under discussion, as 
previous speakers had remarked, was the question of terminals, he 
was personally interested in the question of repairs, which had some 
bearing on the point. Mr. Paget would, he thought, permit him to 
say that on the Midland Railway the number of engines usually in 
the shops was about ten per cent; the other fifteen per cent, to which 
he had referred, were engines which were stopped either for washing- 
out purposes or for some other occasional cause. There was much 
of great interest in the papers which their American friends had 
written, but unfortunately they had not had them in their hands 
long enough to be able to criticise them as effectively as they would 
like to do; but there were one or two points to which he desired to 
call attention. One was the very large mileage per annum they were 
able to get out of their locomotives. He believed that the Caledonian 
tailway Company, in some figures published in connection with 
the International Railway Congress, showed a very high mileage for 
isritish engines, but nothing compared with those mentioned in Pars. 
‘59 and 161 of Mr. Forsyth’s paper. He did not know whether Mr. 
‘lark could say whether those engines were pooled, or whether they 
‘vere run on a system which naturally appealed to an engineer who 
‘ad to deal with repairs and maintenance, namely, the allocation of 
\ocomotive to a particular man. 

Another matter which from English practice seemed very strange, 
as the large number of men mentioned in one paper as having 
- arge of particular work. If Mr. Clark could say whether that was 
_-neral practice, or whether it applied only to places like East Altoona, 
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where he thought they reckoned to turn out an engine every five 
minutes during the whole of the day, it would be of great interest. 
The question of water softening was becoming a more and more 
serious one on the Midland Railway, particularly as for some reason 
or other the sodium compounds in many waters seemed to be increas- 
ing. That, he believed, was largely due to the fact that certain trade 
products were allowed to be put, rather more freely than railway 
engineers liked, into their water sources. 

With regard to the question of the stock kept for repairs, he felt 
somewhat envious of Mr. Hughes, whose farthest station was 8434 
miles from his headquarters, but he could assure him that he followed 
with much interest his system of delivery by stores vans. Mr. Paget 
had had more to do with casualties than he (Mr. Fowler) had, but 
he was able to say that on the Midland line the casualties were, with 
about 3000 engines, something like 50 per month. Those records 
made him wonder whether they were as far wrong as people some- 
times said they were in continuing to use copper tubes, as Mr. Hughes 
had stated that about 20 per cent of his casualties were due to tubes. | 
Personally he had not seen a tube casualty during the past eight days. 
Mr. Clark gave some very interesting figures (Par. 129) with regard 
to the cost per passenger engine per month. The point connected 
with those figures which naturally struck one who dealt with repairs 
was that the inspecting amounted to only 15 cents. This, he pre- 
sumed, meant the whole of the work of examining the engines which 
was not done by the driver or fireman; but he would like to know 
whether that was so or not. 

The point with which engineers in this country were not so much 
troubled as were engineers in America, was the question of staybolts. 
The use of copper staybolts was universal in this country, with the 
result that very few failures indeed resulted from this cause. Stay- 
bolts did not have to be examined in this country for breakage in the 
same way and with the organized system that was found necessary 
in the States. A point which was, he thought, of very great interest, 
not only to engineers, but to those who were concerned with the pros- 
perity of railways, was the question raised in one of the papers of the 
relation between the locomotive and the traffic departments. ‘Those 
who had experience of the arrangements which had been made on 
the Midland Railway fully appreciated that point. It was absolutely 
necessary that the two departments should work hand in hand, 
and not endeavor, as Mr. Dodge had said, to shift not only the ex- 
penditure, but all other trouble from one to the other. 
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Henry L. Gantt thought the time was particularly appropriate 
to make a few remarks with regard to certain work which was being 
done by the Canadian Pacific Railway in Montreal, with which the 
members were probably not acquainted. It was being done under 
an Englishman, most of whose assistants were Englishmen, and results 
were being achieved of which he thought in the next three or four 
years a good deal would be heard. About eighteen months ago the 
president of the Canadian Pacific Railway asked Mr. Vaughan, the 
assistant to the vice-president, who has charge of the shops, how 
efficient his great locomotive repair shops in Montreal were. Mr. 
Vaughan replied that he thought they were pretty efficient, but he 
was requested to have a report made on the efficiency of their opera- 
tions. In order to show the close relations between Canada and the 
United States, Mr. Gantt thought it would be of interest if he stated 
that the first people with whom Mr. Vaughan got into touch were the 
firm of Dodge & Day, of Philadelphia, and that firm asked him 
(the speaker) to associate himself with them in making the report. 
Altogether about two weeks were spent by his colleagues and himself 
ut the shops, and they had the pleasure of reporting that the efficiency 
was quite as good as at anyof the shops with which they were familiar, 
and that the workmen and foremen were as capable as any of those 
with whom they were acquainted. They were asked, however, to 
criticise, and they accordingly made a general criticism somewhat 
on the following lines. Although the large shop was being operated 
efficiently, and the company possessed good men on whom they were 
dependent, they had no means in the shop for perpetuating improved 
methods which might be developed by the workmen or by the various 
foremen. Some of the foremen were evidently overworked; it had 
previously been thought by the company that the foremen were 
incapable. Subsequent developments, however, proved that the 
foremen were not particularly incapable, for when their work was 
»operly planned for them, they performed it with a very fair degree 
efficiency. 


he proposition which he and his colleagues made to the company 
us that a central planning department should be established, in 
‘ich all the work of the shop should be planned for the different 
‘| partments. The planning department as it was established there, 
\ ‘ough a very crude one, was based on the ideas developed by Fred- 
-ock W. Taylor. It was found that the aggregation of different shops 
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of which therepairing department consisted did not work harmoniously. 
Their first problem was to cause those shops to work harmoniously, 
that is, to have the different parts of the same locomotive ready in 
their proper sequence, and that was done through the central plan- 
ning department to which he had referred. He had not sufficient 
time to give complete details of that department, which was run by 
a young Englishman who had served his time at Crewe, but stated 
that the working of all the different shops in the large locomotive 
repair works had been greatly harmonized. He was told recently 
by Mr. Vaughan himself that he did not now have to bother about 
the repairs of his locomotives, because everything went on so 
smoothly. That was one element. 

Another element was that there was no provision in those shops 
for the education and training of workmen. Most of the workmen 
were French-Canadians who, when they were taught, were excellent 
workmen, but they had to be taught. A system was inaugurated 
of making investigators and instructors of the very best mechanics 
that could be obtained. Those mechanics investigated, for instance, 
the best method of turning a driving wheel, or of boring a cylinder; 
they wrote out detailed instructions as to how that work should he 
performed and the exact time needed for each operation; and then 
the workmen were taught how to perform those operations in the 
time set. As a compensation they were allowed pay, not for the time 
in which the expert could perform the work or in which he could 
show them how to perform the work, but they were allowed com- 
pensation for 25 per cent more than that amount of time. That 
system was working out very satisfactorily. The men receive their 
day rate in all cases, when they fail to make more by the piece rate. 
The following was one of the instruction cards. On one side ap- 
peared a drawing of the piece to be operated - 
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List No.: 17 L 31 


Drawing No.: 17 


Name: Driving Axle-box 


Class: All Cast-steel Boxes 


— 


Schedule No.: 17 L 147 Issue: A 


Operation: 


Slot Crown Brass Fit 


Operation: No. 3 Material Cast: 5S 


Machine: Bertram Single Slotter No. 24 
Tool Steel: Edgar Allen 
No. of Pieces: 1 


Time: 1.3 man-hour per piece 


No. of Men: 1 Date: 3-22-10 


— 


Pay Equivalent: 


Each Piece: 1.65 hour 


The reading on the back of the card was as follows: 


Too! Depth Feedin stroke | Min. 
Detailed Instructions Used of Cutin In. per per Min. | Allowed y 
| Set Box and Layout........ — 10.0 
3 Rough Slot Crown Fit..... 1 PRSC 15-32 1-16 18 21.0 
5 Rough Slot Corners........ 1 PRSB l 1-16 18 14.0 7 
6 Change Tool and Grind. . - — — 2.0 
7 Finish Slot Crown Fit...... 1PRBC 1-32 1-16 18 24.0 


» D. Angus Shop C. P. R. | 78.0 
we 


padre Total Hr. per Piece............ 
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The following shows the back of an instruction card for milling 
both outside faces of twelve cast-steel driving boxes: 


‘ 
pal 4 


| sornate | | 


Per Allowed 


CHANGE CUTTERS AND PREPARE 
MACHINE FOR Ist PIECES 


SET UP AND CLAMP 12 BOXES 
SET CUTTERS TO DEPTH 

MILL ist SIDE 

TURN OVER AND RESET BOXES 
SET CUTTERS TO DEPTH 

MILL SIDE 

REMOVE 12 BOXES 


|] 


TOTAL MINUTES 
TOTAL HOURS PER PIECE 


ANGUS SHOP C 


. YP Those cards were now being printed in lots of 50, and distributed 
over the entire system from Montreal to Vancouver. With the cards 
were sent a series of blue prints showing the standard shapes of tools, 
also developed by Mr. Taylor, which had been found most efficient 
in the cutting of metals, and also the description and capacity of 
each of the machines in the shops. The other shops would be invited 
to develop instruction cards which perhaps might be better than the 
one he had described; and a bureau would be established in Montreal, 
where the standard method of doing machine work would be kept, 
and where the best knowledge of how to do any machine operation 
needed on the road would be available. 


Artuur D. Jonss! said that in the diagrams of the sheds des- 
cribed in Mr. Paget’s paper, the depth of the pits was not given, 
and he would be much obliged if the author would supply that infor- 
mation for both types. He desired to be allowed to emphasize the 
great importance of the provision of wheel drops in running sheds, a 
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point already alluded to by the president. With those appliances 
one mechanic and a laborer could take out a pair of trailing engine 
wheels from a six-coupled tender engine in thirty-five minutes, where- 
as if hydraulically worked sheer legs were used, one hour and twenty 
minutes would probably be occupied. Further, the leading pair of 
radial wheels from a four-coupled passenger-tank engine could be 
taken out in a quarter of an hour by one mechanic and his laborer. 
The drops were also very useful in emergencies for dealing with hot 
axles, or replacing springs quickly. A good deal could be said about 
the relative merits of round and straight sheds, but from what he 
had seen of the ordinary type of straight steel (not double-ended), 
there was really no difficulty in dealing with the engines in a very 
economical manner. The round shed, however, appeared to have 
an advantage in the question of lighting. He would like to ask Mr. 
Paget to explain how dead engines were dealt with in round sheds. 

The list of examinations given in Tables 1 and 2, showed a 
most complete system. He would be glad if Mr. Paget would give 
some idea of the staff employed in making those examinations, as 
he imagined it would be a very considerable one. As, however, fail- 
ures on the road were very expensive, the expense involved might 
be more than saved. Mr. Paget mentioned (Par. 42) that links of 
twenty engines were sometimes arranged for. That appeared to 
?. iim a large figure, and perhaps Mr. Paget would be good enough to 
say if it referred to shunting engines only. There could be no doubt 
about the advantage of allotting engines to regular drivers, as this 
resulted in better all-round efficiency. But while the earnings of a 
‘ocomotive had to be kept up by the engines being worked as much 
1s possible, the hours of the men, on the other hand, had to be kept 
lown. The provision of relief was one of the most important matters 
‘or running-shed foremen to look after, as it was a very costly mat- 
Ler, 

Mr. Paget referred (Par. 49) to the question of the compilation of 
vorking costs. There could be no doubt that the question of statis- 
‘cS was one of great importance to the management. Statistics 

»tained in the way the president mentioned were of the greatest 
sistance to any running superintendent, not only for supervision 
urposes, but also to enable him to put his finger at once on any 
ictuation in expenditure, or miles run per engine-hour. It would 
» of great interest if Mr. Paget could give a short description of the 
omotives mentioned in the various classes (Tables 1 and 2);in the 
aper the wheel base only was mentioned, A good deal had been 
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said in the press recently about the want of employment for youths 
between sixteen and eighteen years old. Running-shed work would, 
he thought, provide an excellent opening for such youths. He had 
been greatly interested to hear the Lord Mayor of Birmingham say 
that he loved to see smoke. He wished they could get Mayors in 
Lancashire to think the same, and he thought that was one thing 
Lancashire might very well copy from Birmingham. 


J. E. Saaue! said that he had had considerable experience in hand- 
ling locomotives, and had been for two years the locomotive superin- 
tendent in one of the British Colonies, the Island of Jamaica, where 
he saw something of English locomotives. Later on he went with 
the Schenectady Locomotive Works, and tried to find out how an 
American locomotive should be designed, and had perhaps completed 
his education by trying to design some locomotives for the Midland 
Railway of England. He had an interesting experience, working in 
that connection with Cecil W. Paget, the author of the paper which 
had been read. Mr. Paget had compared notes with him on the sub- 
ject of the advantages and disadvantages of the American and the 
English locomotive. Mr. Paget showed him conclusively that in the 
United States sufficient attention was not paid to the necessity of 
keeping the locomotives running without failures on the road. He 
showed that in the Midland traffic into London, it was extremely im- 
portant that no engine failure should occur. There was a stream of 
trains going into London in the early morning, and it was essential 
that every train should keep its place in the line. and that no loco- 
motive should break down. 

The Public Service Commission was concerned with the regulation 
of railways in the State of New York, some of its functions being sim- 
ilar to those performed in this country by the Board of Trade, and 
it had recently been necessary for the Commission to compare the 
engine-service on various railways. An extraordinary difference 
had been found; on some railways the standard was extremely 
high, and on others it was low. He felt that each American 
engineer interested in locomotive construction and running could 
not do better while in this country than to examine the running-shed 
practice, the inspection of locomotives at terminals, and the extra- 
ordinary precautions which were taken to prevent engine failures. 
It all cost a great deal of money, but an engine failure was oné of 
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the most expensive propositions in railway operation. It might cost 
$25 to repair a broken eccentric strap, and the locomotive man was 
very apt to look at that sum as if it were the final cost. But an engine 
failure meant that passengers might be delayed for perhaps an hour | 
in reaching their terminal; that freight trains, especially on American 
lines where they had single and double tracks, might be delayed; that 
new meeting points were made, and the whole service was demoral- 
ized; so that $2500 might readily be put down as the expense of the 
engine failure instead of $25. Engine failures ought to be stopped as 
much as possible, and American engineers had to learn that lesson 
from England, and he felt they were learning it fast. 

English engineers had arrived at beauty of design earlier than 
American engineers. He had noticed the previous day in the Liverpool 
station a locomotive dated 1866—an extraordinarily old one from the 
American point of view. The interesting thing about the locomotive 
was that it looked reasonably modern—what one would term in the 
United States an engine designed according to modern lines, with 
straight boiler, smooth dome casing, beautiful finish, and the tender 
designed as though it were to be built at the same shop with the en- 
gine. He wondered what an American engine designed in 1866 would 
look like. 

In trying to build American locomotives so as to prevent engine 
failures, it had been found that the breaking points in American 
designs were sometimes hidden. For instance, a cross-head would 
have a small piston rod fit because it was cheaper and easier to 
make, but it was now thought better to have these breaking 
points where they could be inspected. They had copied English 
practice in that respect. He had learned a good deal in engine design 
from English practice, and believed that it was only by comparison 
of the work of the two countries that the best results could be 

CLOSURES 


F. H. Cuark, in reply, said he had been interested in the figures 
ziven by Mr. Hughes with regard to the cost of stores per engine 
He did not know that he had ever seen any similar figures for Ameri- 
can roads, but he imagined that the cost of stores on American rail- 
roads would run somewhat higher than the figures given by Mr. 


‘ Messrs. Whyte, Forsyth and Vaughan did not desire to present closures. 
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Hughes, although he did not know exactly what was included. He 
thought that, generally speaking, the English roads held the advan- 
tage over American roads to a very considerable extent for the clean- 
ing of engines. Some of the American roads paid a very great deal 
of attention to cleaning, and, while it was expensive, they felt they 
received value for the money spent. Their engines certainly looked 
very much better, and it was no doubt easier to detect fractures 
which might cause trouble on the road. Mr. Hughes seemed to be 
a little dubious about the American practice of shimming tires. He 
(the speaker) suggested that at some time when Mr. Hughes was in 
a pinch he should try it. Americans did not use it generally, but it 
was found that occasionally the practice had to be adopted in order 
to keep an engine going, and they very seldom had any trouble with 
it. The president had made some remarks with regard to wheel drops, 
or drop pits, as Americans called them. They were the rule in the 
United States. There might be some installations of cranes or sheer 
legs, but, on the other hand, there were a good many drop pits such 
as the president described. 

With reference to the number of engines in shops, it was American 
practice to have about 10 per cent of the engines in shop at a time. 
Sometimes the figure ran a little above that, but it was generally 
a little below 10 per cent, which was considered a very good figure in 
the United States. He rather liked the president’s design of an engine- 
house floor. The figure of 15 cents (Par. 129) to which Mr. Fowler 
referred, was not 15 cents a month, but 15 cents a day. All the fig- 
ures given on that page were figures per day; he should have left out 
the words “‘per month” in the table. The figures were assembled 
by the month, and to arrive at the averages he took the average fig- 
ures for eig} t months. 

In reference to the remarks which had been made regarding the 
number of men in the organization, he thought Mr. Fowler was refer- 
ring to Mr. Forsyth’s paper dealing with the Pennsylvania Railroad 
organization at East Altoona. That was a rather large plant; the 
average number of engines turned at other points was considerably 
less than at that point, so that as a result fewer foremen and men 
were needed. 


Crcr. W. PaGeEt,' in reply, said that he was not able to answer 
offhand the question Mr. Hughes had asked with regard to the value 
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of stores in stock per engine, but he would do so in the Proceedings, 
and he hoped the figures he gave in his answer would be as satisfac- 
tory as Mr. Hughes’ were. Mr. Hughes had made a great point of 
cleaning being a good investment. Personally he thought it was a 
good investment, for the reason which Mr. Hughes implied, although 
he did not actually say it, that when an engine was not clean, it was 
impossible to see whether or not it was in a proper condition, and flaws 
and fractures were far more easily hidden in a dirty engine than in 
a clean one. Mr. Fowler had already given the information that the 
engine failures on the Midland Railway were about fifty a month. 

With regard to Mr. Dodge’s remarks on the question of super- 
vision in running sheds, it was no doubt very desirable that the old- 
fashioned plan of particular men not being allowed to do certain 
work, should be broken down as far as possible. It was no doubt 
desirable that it should be impossible for a man to say, ‘This is my 
work and that is the other man’s work, and nobody else can do that 
man’s job.”’ He was afraid, however, that in this country matters 
were not ripe for such interchangeability of supervision as Mr. Dodge 
mentioned, although from his point of view no doubt it was very 
desirable. 

In reply to A. D. Jones who asked what was the depth of the 
pits on the Midland Railway, the pits were 2 ft. 10 in. deep. 
With regard to the staff that made the examinations, although it 
would appear, owing to the great emphasis laid on the fact of engines 
being examined, that it required a special staff, it did not. The ordi- 
nary staff of examining fitters carried out such examination of the 
engines as was called for by the state of the engine at the periodical 
examination, the ordinary examinations of course being mainly car- 
ried out by the drivers and firemen. Mr. Jones also mentioned the 
number of engines in a link. On the Midland Railway there were 
links of as many as twenty engines on freight-engine work as well as 
shunting work. That was the usual number. 

With regard to the question of relief, he did not think there was 
the same difficulty in the United States that there was in this country, 
where they were obliged to restrict the hours of duty of every man to 
twelve. Nobody wished to work any man more than the ordinary 
hours, but as there were a great number of railroad men present, it 
was almost unnecessary for him to say that it was extremely difficult 
sometimes to prevent occasional long hours. Mr. Jones mentioned 
‘hat as part of the running-shed work. It was, generally speaking, 
and he only mentioned it then because he thought it might be of 
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interest if he said that on the Midland Railway it was dealt with 
differently than on other railways in the country, somewhat on the lines 
of the train dispatching department in America. Thi control depart- 
ment knew the ‘positions of the trains on the line over such sec- 
tions as were equipped with the train control or the train dispatch- 
ing, which was practically the same thing, and since the operating 
department, as opposed to the running-shed people, knew the 
positions of the trains, they were able more efficiently to provide 
relief and to control and prevent long hours. 

Mr. Sague mentioned that the designers of American engines 
had learned something from English practice. He hoped Mr. 
Sague had also noticed in the English workshops and the English 
round houses a good many of the influences of American practice on 
English practice. Mr. Sague had also spoken very modestly of his 
own work in connection with the design of engines. He did not 
think better evidence could be quoted of Mr. Sague’s ability and 
success in designing locomotives than the enormous, yet beautiful, 
engines which were turned out by the Schenectady works of the 
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By H. I. BracKENBuRY, NEWCASTLE-ON-T'YNE, ENGLAND 
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4.6 
Introduction of High-Speed Tool Steel. Those engineers who saw, 
at the Paris Exhibition in 1900, a lathe running at a high speed wit!) 
a tool with its point red-hot removing a dark blue chip, felt that the. 
were witnessing the beginning of a revolution in tool steel and in 


> 
machines fitted for its use. 


This revolution has now taken place 
and we are slowly accommodating ourselves to the new regime, but : 
many changes have had to be made, not only in the direction of 
making far stiffer and more powerful machines, but also in our views — 


regarding the values of certain types of machines for producing | 
certain classes of work and the grouping of machines. 


2 Gradual Extension of its Use. 


The use of high-speed steel 
‘or tools has been gradually extended, the old temper steel having to 
etreat from one position to another. For some time high-speed steel 
was considered to be useful only for rough cutting with the tool of 
he usual lathe form. Then its use was extended to twist drills 
vith wonderful result; again its use was considered problematical 
' capstan and turret lathes where high speeds with copious supplies 
f oil or lubricant were already in vogue, but now no maker of such 
iachinery would advocate the use of anything but the best high- 
eed steel. Milling cutters of all descriptions are made of high- 
weed steel, and although the toolmakers still advertise the alterna- 
ve of temper steel, those who have had experience of the high- 
wed milling cutters would not think of ordering cutters of temper 


Presented at the meeting of Tae American Society oF MECHANICAL 


\GINEERS with Tue Institution or Mecuanicat Enatneers, Birmingham, 
‘uland, July 1910, 


727 


va 

SY 
q 


q 


728 HIGH-SPEED TOOLS AND MACHINES TO FIT THEM 


steel, unless the cutter was only required to accomplish a small 
amount of work, in which case it would be policy to run slower rates 
with a cheaper tool. Reamers, chisels for chipping hammers, rivet 
snaps for pneumatic and hydraulic riveting devices, have all been 
found to give the greatest satisfaction when made from high-speed 
steel. Examining such a list of uses, it becomes apparent that this 


steel has other properties besides that of retaining hardness at high 
temperatures. 

3. Useful Properties of High-Speed Tool Steel. The three pro- 
perties of modern high-speed steel, are: 


a The edge can be made very hard = 


6b Hardness retained up to a high temperature 
c ‘Toughness 


4 These properties are what make the steel so universally use- 


ful, but when high-speed steel was first introduced it had only the 
property of retaining its hardness up to a high temperature. Much 
has been written about high-speed tools, their composition, highest 
cutting speeds, power absorbed for various cuts, ete., by such com- 
petent authorities as Mr. F. W. Taylor, Dr. J. T. Nicolson, Mr. J. M. 
Gledhill and others, and it therefore seemed better to the author of 
this paper to treat rather of workshop conclusions than to examine 
further into matters which have been so ably dealt with by the above 
writers. 

5 Classes of High-Speed Tool Steel. There are a few points 
which should be stated at the outset. There are three classes of 
high-speed toot steel, which will be called in this paper: 


Class For cutting mild and medium steel 
nami 


ico Class B For cutting hard steel such as tires, ete. 
& Class C For cutting very hard steel and for use in cases where 
7 a sharp and lasting cutting edge is required; especially 


useful in cases where deep cuts with fine feeds are used. 


6 Power required to Remove Material. More power is required 
to remove a thin wide chip than a chip of double the thickness and 
half the width, that is, to remove a chip L in. wide with a feed of 35 
in. requires more power than to remove a chip 3 in. wide with a feed 
of § in. This is less noticeable with tools with sharp edges. Tools 
with blunt cutting angles require more power than tools with sharp 
cutting angles to remove the same amount of material, the objection 
to sharp cutting angles being that the edge is apt to break, 
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7 The total power used for a given cut, including the power 
absorbed by friction in the machine, increases at a smaller ratio 
than the increase in cutting speed, in other words, less horsepower 
is used per pound of material removed at high speeds than is used 
at low speeds. This is only true up to a certain point. 

S Difficulty of laying down Rules for Cutting Speeds. Figures of 
the speeds and feeds and depths of cuts which can be taken with 
lathe tools of high-speed steel under ideal conditions are interesting, 
and are very useful in showing in what direction we should modify 


our old methods and design new machines, and to what perfection 


we should strive; but the author does not think these figures are 
of much use as a guide to what is actually performed in the general 
run of workshops. There are so many variations in the actual 
conditions that, without a eareful study of each class of case, It is 
difficult to say what is the best rate to cut at. Mr. Taylor, in his 


most valuable work, The Art of Cutting Metals, gives twelve var- 


iable elements, but even this number does not cover the whole 
ground, and such questions occur as one man working several 
machines and several tools cutting simultaneously. Thus, on certain 
work where there isa large amount of repetition, it has been found pos- 
sible to employ to advantage lathes with two saddles and three rests to 
turn work from 3 ft. to 4 ft. long. As one man looks after two of 
these lathes he has to keep six tools at work on very hard steel. It is 
quite evident that under these circumstances it is important that the 
tools should not require changing often, as this would cause the 
lathe to be idle for a portion of the time, and too much of the work- 
man’s energy would be used up in changing the tools and setting in 
he cuts. One of the advantages of the use of high-speed steel in 
he above case, is that the tools will generally run for the day with- 
uit requiring to be ground. This work could be done at higher 
itting speeds using one tool and grinding more frequently; the 
esult would be more effective to watch but less satisfactory to pay for. 
Cutting Angle. Regarding the question of cutting angles, 
ireful experiments have shown that the sharper the angle is the less 

© amount of power required to remove a given amount of material, 

« feed and depth of eut remaining constant. On the other hand, 
‘sharper the angle is, the more likely is the cutting edge to crum- 
or break, and the smaller is the body of steel to conduet away 
heat generated by cutting. In no well-regulated machine shop do 
workmen grind the tools they use; grinding machines with trained 
crators are now almost universally 


employed for this purpose. 
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10 Value of Standard Angles. The importance of working tv 
standard angles is obvious, and the fewer the standards the better, : 
so long as the loss in cutting efficiency is not greater than the gain 
in grinding and forging tools to a small number of standards. The — 
question of what standards are required, must depend on the variety 
of work and material and quality of machines in ashop. The author 


; strongly deprecates becoming a slave to standards when many vari- 
ables are involved, and feels that it should be the duty of a capable 


shop manager or foreman to experiment with tools of various cut- 
ting angles when he had a suitable run of work. 

11 Importance of Changing Angles as Quality of Tool Steel Im-_ 
proves. High-speed steel has improved in the past few years and — ; 
will probably improve in the future, and with these improvements 
we find the cutting edge remains sharper for a longer time and 
the cutting angles may be made more acute. As an instance, when 7 
turning axles at the most convenient feed and speed and depth 
of cut, the belt failed to drive the lathe when using the standard 
round-nose tool. A tool was ground with a smaller radius on the 
nose, a straighter cutting edge, and a sharper angle; the belt was 
found to have sufficient power to drive the lathe with the full depth 
of cut when this tool was used, and the tool was adopted as the stand- 
ard for this particular work. The reasons for the above are: 


a The cutting length of the tool was diminished, less powe1 
being required to take a thick narrow chip than a thin 


wide chip. 
b The sharper angle presents less resistance to the chip afte: 
it is sheared from the body of the material. Such 2 too! 


a would not have been suitable for the general practice 
= 
of the shop where heavy feeds are used. 


12 The following are the particulars of the case, and are inter- 
esting as showing what use can be made of high-speed steel ever 
in an old machine, a question which will be dealt with further on: 


= 


Axle Steel. aking 38 tons per 

Lathe 15-in..........Over 30 years..... axle Steel. Breaking egal 


sq. in. Elongation 24 per cent 
Tool No. 1. Clearance 5 deg., side slope 13 deg., cutting angle 72 deg. 
Tool No. 2. Clearance 5 deg., side slope 25 deg., cutting angle 60 deg. 
Speed 52 ft., feed ¥;, depth of cut } in. 
Cu. in. per min. removed, 19.5 
Lb. per min. removed, 5.5. 


7 


. BRACKENBURY | 731 


13 Use of High-Speed Tool Steel on Turret Lathes. On turret lathes 
the highest class of high-speed steel is now largely used, and tools 
with «a very sharp cutting angle are employed. A test carried out 
at the works of Alfred Herbert, gave the result shown in Table 1. 


TABLE REDUCING A MILD-STEEL BAR FROM 13 1N. TO 2 1N. IN DIAMETER 
AT ONE CUT 


Cutting Feed Weight 
Speed per Feed Removed 
Tool Ft. per Revolu- per Min. per Min. 
Min. tion Ib. 


Carbon steel 58.5 0.0134 2.01 
Class C special high-speed steel 185 0.05 23.5 


Tool clearance angle 7 deg. Sideslope 35 deg. Cutting angle 48 deg. 


14. Economy in Power. The pressure of the chip on the tool in 
tons per square inch, cutting on steel of a tensile strength of 25 tons 
and 44 per cent elongation, was 75 tons, which is about 25 per cent 
less than results given with tools of which the cutting angles range 
from 65 to 70 deg.; part of this reduction was probably due to the keen 
cutting edge which this special high-speed steel maintains. The 
whole of the tests worked out as follows, omitting one exceptional 


case: 
Ls. per Min. LB. PER 
H,p-MIn. 
Tests made 1909 
Highest Figure 
Manchester Experiments, 1903 
Highest Figure 
Lowest Figure 0.32 


15 The 1903 figures represent net horsepower at the tool, but the 
1909 figures include all losses in the machine. 

16 Twist Drills. Perhaps the most striking instance of the value 
of high-speed steel is given by the use of twist drills. The improve- 
ment obtained by the use of this steel for drills is more easily grasped 
than in the case of turning tools, as there are far fewer variables. 
Given sufficient power, a high-speed drill does three times the amount 
{ work and requires grinding less frequently than the temper-steel 
irills. The author is not one to advocate the policy of scrapping 
ll old material, but in the case of twist drills, where any quantity 
of work is required to be done on steel, he advises the use of nothing 
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but high-speed steel drills. In Table 4 of the Appendix is given the 
ordinary practice with both temper and high-speed twist drills, and 
- no minute inspection is required to detect the superiority of the latter. 
- One instance is given here of a drill ¢ in. in diameter passing through 
a cast-iron block 25 in. thick in 8 sec., which is equal to a travel of 
IS? in. per min. 

17 Space does not permit, nor is it necessary, to extol the further 
uses of high-speed tools, but some figures of actual performance 
are given in Table 5 (Appendix No. 1). 

IS) Full Advantage not yet taken of High-Speed Tool Steel. Al- 
though considerable use is made of high-speed steel in engineering 
workshops, the author ventures to say that, generally, full ad- 
vantage is not taken of its cutting powers. Certainly speeds 
have been greatly increased, but they have not been increased in the | 
proportion warranted. No doubt valuable economy has been effected _ 
by the increased speeds, and the length of time tools run without the 
need of grinding. We should not content ourselves with these re-_ 
sults, but strive to use to the full the powers which the steel makers 
have put in our hands. 

19 Savings which Can Be Made. The author thinks that, although 
the rapidity of production with high-speed tools has been well 
emphasized during the last few years, insufficient attention has 
been given to the accompanying savings. Where full use is made 
of modern machinery the production, in so far as roughing out goes, 
is three times what it was under the old conditions. This means 
that only one-third the number of machines, one-third the amount 
of space, one-third the number of operators, one-third the amount 
of shafting and about one-half the amount of supervision, are re- 
quired to produce the same amount of work. Further, although 
the power required to drive machines capable of making full use of 
high-speed steel is very large the power absorbed for each pound | 
of metal removed is less for high-speed than for low-speed machines. 

20 Machines for Roughing Out. There is, in the author’s opinion — 
only one way in which the full saving may be made, and that is by 
setting aside certain machines for roughing and roughing only. It is_ 
quite unnecessary to replace all or even many of the old machines, 
which have quite enough power to carry the finishing cuts at good 
speeds, nor is it desirable to use either the same class of machinery 
or labor for roughing out as for finishing. 

21 Use of Old Machines for High Speed. ‘There are a number of 
workshops where there is not the inclination nor, owing to trade 


| | 


depression, the capital to buy many new machines. In such cases 
~ much may be done by making a judicious selection of the heaviest 

of the existing machines and increasing their belt speed, so that high 

speeds may be run with the back gear in. In some instances, the cones 
~ have been removed and replaced by wide pulleys, speed changes 

being provided for by means of sliding gears. Fortunately the Eng- 

lish machine builders of the past did not hesitate to put plenty of 

weight into their machines, so that, by increasing the driving power, 
| el results may be obtained, but it is generally necessary to 
Fig. 1 shows an account of work produced by the 
~ubove method by machines over twenty years old. 


fit new gears. 


(GENERAL REMARKS ON MacuiNes Fir ror THe Use or Hicu-Sperep STeen 


22. Power which may be Employed Depends on Stiffness of Work, 
and not on Size of Machine. An idea what saving incutting time has 
been made by the use of high-speed steel can be gathered by a com- 
parison of the power allowed for machines designed before and after 
its introduction. Engineers have also grasped the fact that the 
~ power which may be usefully employed depends upon the stiffness 
of the work and not on the height of centers in the case of lathes or 
the length of stroke, ete., in the case of other machines. Thus we 
find instances of 12-in. center lathes designed to use 50 h.p., which 
: is about ten times as much power as was allowed for in any of the 
_ pre-high-speed lathes. This increase in power must be accounted 
for by a desire for increased depths of cut and feeds as well as in- 
creased speeds.- There is no doubt that the interest awakened by 
the introduction of high-speed tool steel has called so much attention 
to the subject of roughing out work that many improvements have 
lately been made which might have been made in earlier times. 
The author well remembers cases where recourse was had to putting 
three belts, one on the top of the other, to increase the very limited 
velt power of some lathes. 
23 The following are some examples of increases in horsepower 
provided: 


Turret lathe for 2}-in. bars increased from 


10 h.p. 


Lathe 6-in. 
Lathe 10-in. 
Lathe 14-in. 
Lathe 36-in. 
Lathe 60-in. 
Slotting-machine, 12-in. stroke increased 


center bars 
center bars 
center bars 
center bars 
center bars 


increased from 
increased from 
increased from 
increased from 
increased from 


4 h.p. 
10 h.p. 
20 h.p. 
60 h.p. 

100 h.p. 
15 h.p. 


> 
Pai 
' 
1 h.p. 
2} h.p. ‘ 
5 hp. 
0 h.p. 
9 h.p. 
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Special cases of high power are: 12-in. center lathe, Fig. 2. 50 h.p.; 
18-in. center lathe, Fig. 3, 60 h.p. 

24 The 18-in. center lathe took a test cut on steel 1} in. deep 
with a 3-in. feed, at a cutting speed of 28 ft. per min., the consump- 
tion of power being upwards of 80 h.p. 


25 Limit of Power Applied. There seems to be no finality as to 
the amount of power which can be applied to a machine. We find — 
a milling machine described as capable of removing 1400 |b. of steel 
per hr. which would entail a consumption of not less than 92 h.p. 


Such a machine may be economical when it can be employed on a 
continual run of work requiring such cuts, but would be a serious 
charge when employed on lighter cuts. In the desire for rapid pro-— 
duction from machines we must be careful not to overlook the con- 
sideration of the cost of power and value of material cut to waste in 
cases where the work could be made nearer to the size in a more 
economical way. The fact that by the use of high-speed machines ; 
a ton of cuttings can be made at a labor cost of 8d., must not make | 
us forget that someone has to pay for a ton of material and 7s. or 8s. 

for power. 

26 Laws regarding Limit of Weight and Power of Machines. It 
is impossible to lay down any law regarding the limiting point of the 
weight and power of machines, as the number of variables which 
enter into consideration is so numerous. There are, however, three ; 
principal governing factors, namely: 


a The length of time the machine will be used for heavy 
cutting. 

b The length of time the machine will be used for light 
cutting. 

c The length of time the machine will be at rest. 


During a the machine is used efficiently; during b more is being 
paid for power and capital charges than if a lighter machine were 
used; during c more is paid for charges than in the case of a lighter 
machine. 

27 These considerations evidently point to the importance of using 
heavy machines for roughing only, but there are many cases where 
this cannot be done. Take, for instance, the ease of a drilling ma- 
chine which is generally employed to drill and ream holes of 1 in. in 
diameter, but occasionally has to drill holes 3 in. in diameter. In 
such a case it would be a mistake to install a machine capable of 


1 = 


73 


drilling the 3-in. holes at a quick rate, as the proportion of stand- 


ing to working time is very large for a drilling machine, and the time 
during which the machine would be employed at its full power would 

— be very small. Some attempt has been made by means of the curves 
(Fig. 4) to show the tendencies of these various factors, but of course 
-each case must be taken on its own merits. In the case shown by 
the curves, the most economical results are given by a machine cost- 
ing between £400 and £600, but if the finishing and setting times 
are reduced, a higher-priced machine would be more economical. — 


TABLE 2. EXPLANATION OF FIG. 4 


1000\ 
Roughing time ts taken arbitrarily to be 0.2 ( \ hr. 
c 


c 
where c = cost of machine in £. Machine charge = shillings per hour. Wages = 8d. per 
1000 
hr. Setting-up and finishing time = 14 hr. on any machine. 


SETTING-UP AND 
Cost, d. 
FinisuinG Cost, d. 


Cost or Torat, d 


Macuine, £ 
Machine Man Machine 


200 
400 
450 
600 
SOO 
1000 


28 Objections to Stepped Cone. The stepped cone is rapidly be- 
coming obsolete, except in the case of small machines. The obvious 
disadvantages of this method of changing speed are the trouble, and 
in the case of boys, the danger of throwing a heavy high-speed belt 
from one step to another and the variation in power available from 

the different belt speeds (Appendix, Table 6). 

29 Speed changes are provided for by means of sliding gears in 
the case of medium sized machines and variable-speed motors in the 
case of larger machines. Such motors, worked on the direct-current 
three-wire system, give a large range of speed which is excellent, but 
it is well to notice that at certain speeds with light cuts the efficiency 
{ motor and machine may be far from good. Curves on Figs. 5 

nd 6 show the electrical horsepower at various speeds for a large 
athe, the feed and depth of cut, about 0.2 in. by 0.2 in. on 40-ton 
ensile steel (a light cut for this lathe), remaining constant for each 
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set of curves. It will be noticed that there is a drop in efficiency 
at the change from the low voltage to the high voltage, and an extra- 
ordinary gain in efficiency when a change is made from the high 
voltage and high gear ratio to the low voltage and low gear ratio, 
the result being that practically the same amount of power has to 
be paid for at cutting speeds of 18 and 33 ft. per min. The motor 
was rated at 40 h.p. on the high voltage, so that in one case the motor 
was giving from 50 to 75 per cent and in the other case from 25 to 35 


Power TEST OF LATHE 


4 


One tool. 5 Feeds per inch -2° depth of cut. diacut 557. 


20) 
Low Gear Rario. 
» 
Gear Ratio 

| 

‘ = q 


5 20 25 30 35 40 45 


Cutting Speed - feet per min. 


Fie. 5 Curves SHOWING ELECTRICAL HORSEPOWER AT VARIOUS SPEEDS 


per cent of the full load. The teeth for the drive on the chuck were 


‘ast and not cut, and the lathe was an old one but in good condition. 
(he curves show what losses of power may take place in a lathe 
which is apparently perfectly satisfactory. 

80 It appears from the above that heavy lathes which are re- 
juired to do both light and heavy turning should have the gear 
-atio arranged so that the full range of speed may be obtained from 
ither voltage, and that builders of such heavy machines should 
ive the total efficiency of the lathe and motor at various speeds 
nd loads. No engineer would purchase a power-generating plant 


. 
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without obtaining a guarantee of its efficiency at various loads, and 
there seems to be no reason why less care should be given to the 
efficiency of plant using the power. It is true that the expenditure 
on power is in most cases only a small portion of the total expenditure, 
but when the total expenditure is large, the small portion becomes 
quite large enough to trouble about. 

31 Helical Gears. The gears which are always in mesh should 
have helical teeth to ensure quiet and smooth running and to prevent 
chatter. The pinions should be hardened and, of course, all wheels 
should be made either of forged steel or steel castings. 


PoweER TEST OF LATHE. 


One tool. 5 Feeds per inch +23 depth of cut. dia.cut 60. 


Hich Gear Rario. 


Cutting Speen Feet per mir 


Fic. 6 Curves SHOWING ELECTRICAL HORSEPOWER AT VARIOUS SPEEDS 


32 It is of great importance to cut the teeth of gear wheels to a 
considerable degree of accuracy. Some idea of what vibration may 
be set up by inaccurate teeth is given by the following instance. 
Two teeth having broken out of a gear wheel on a large lathe they 
were replaced as a temporary measure by pegs filed to shape accord- 
ing to the usual millwright method. The result was apparently 
satisfactory on low speeds, but a very unpleasant vibration was set 
up at higher speeds. A diagram plotted from the movement of the 
ammeter needle, Fig. 7, showed a considerable wave of current at 
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low speeds. 
out of gear, and was evidently due to the power required to regain 
velocity which had been lost when the peg teeth were in gear. Any- 
one who has had to eut gears for motor cars knows how much noise 
and vibration may be set up by a very slight inaccuracy in the pitch 
or form of the teeth. 

33. Worm and wormwheels should never be used unless hard- 
ened. The author has seen the teeth of a cast-iron wormwheel 7 ft. 
in diameter almost entirely worn away in a few days; the intro- 


APPROXIMATE GURVE OF FLUCTUATION OF GURRENT. 


c 
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< 


Taken by Lathe motor when cutting at rpm, on adia.of 26: 
Cutting speed. 4-25 Ft:min. 


5 
Seconds 


Fic. 7 Power Waves Due To Bap GEAR-WHEELS 


iction of high-speed steel has meant the replacing of many worm 
d wormwheel drives by spur-gear drives (Fig. 8). All feed 
rangements must be amply strong, as in certain cases the side 
ssure is equal to the vertical pressure on the tool. 


‘Tyres oF Higu-Speep ‘loos 
‘4 Lathes especially for Roughing. 


Very powerful machines are 
| wv built for taking heavy cuts. The beds are made very wide to 
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give ample support and gearing surface for the saddle, and the 
spindles are made of what appears to be excessive strength, but it 
is most important to have ample bearing surface and an absolutely © 
rigid spindle to prevent chatter. A general rule is to make the diam- 
eter of the front bearing half the height of the center. Thus a 
6-in. center lathe would have a 3-in. front bearing; a 12-in. center 
lathe would have a 6-in. front bearing; a 14-in. center lathe would | 
have a 7-in. front bearing 
35 There should always be a hole through the spindle, as this is 
required for the bolt for drawing up expanding chucks or for sup- — 
porting the end of a boring bar. 
36 The tailstocks should be very massive and clamped to the bed | 
_ by two bolts in the case of the smaller sizes, and three bolts for larger 
sizes. The diameter of the barrel should be one-third the height of 
the centers. 


Fia. 8 WorMWHEEL DEsTROYED BY UsE or HiGH-SPEED STEEL 


37 Figs. 9 and 10 show plans of a 12}-in. lathe made in 1899, 
and a 14}-in. lathe made in 1910 to replace the former lathe for rough- 
ing purposes. This lathe was designed for turning nickel-chrome 
steel and to stand very rough usage, and was therefore made as sim- 
ple as possible with the further advantage of being inexpensive. 
The thrust on the spindle was taken up by a ball bearing, one of the 
tests of the lathe being to screw up the back center with a lever 4 ft. 
long with a pull of 560 lb. at the end. The driving pulley was turned 
round by hand with ease when the resulting pressure was on the 
spindle. Two saddles and three rests are provided, each saddk 
having its own lead screw, so that one saddle can be run in a different 
direction and feed to the other. The nuts, 9 in. long, are of cast 
iron. It is interesting to read in the specification of the lathes built 
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in 1899 that they have been designed on exceptionally powerful 
lines to permit of very heavy cuts being taken. 

38 Fig. 11 illustrates a lathe for turning straight axles up to 12 
in. in diameter, and the test cut is two tools, each cut 3% in. deep ; 
in. feed at 50 ft. per min. cutting speed, on 35-ton steel, motor 36 h.p. 

39 One maker of lathes provides an arrangement of expanding 
cones with a belt driving by its bevelled edges, and by this means 
any speed between the highest and lowest can be obtained. When 
applied to a cutting-off machine, arrangements are made so that 
the speed automatically increases as the diameter being cut dimin- 
ishes. 

40 Fig. 12 shows a lathe built in pre-high-speed days converted 
to cut with high-speed steel; this lathe has since been arranged with 
a direct motor drive. When the author last saw the machine it was 
turning bolts 8 in. in diameter, depth of cut 3 in., feed # in., cutting 
speed 300 ft. per min., removing 56 cu. in. of steel per min. A sim- 
ilar lathe was turning a shaft, the depth of cut being 3 in., feed ¢ in., 
and the cutting speed 80 ft. per min. removing 75 cu. in. of steel per 
min. These are two examples of what may be done with old machines. 

41 Turret Lathes. Turret lathes have been greatly strength- 
ened, and one capable of dealing with bar up to 2} in. in diameter 
can reduce a bar from 2} in. to 1 in. in diameter at a traverse of 113 
in. per min. with an expenditure of 20.7 h.p., when using the latest 
form of high-speed tool steel (Class C). The ordinary steadies were 
found quite useless at this high duty, and a roller steady has been 
introduced with excellent results. Such a machine fitted with a 
roller steady averages an output at least 33 per cent greater than the 
output of the older machines designed for the use of ordinary high- 
~peed steel, and at least 100 per cent more than the pre-high-speed 
‘ool machines, so that the extra cost of the modern machines is small 
‘compared to the saving. Of course, such cuts as given above are 
ot often required, so that a provision of LO h.p. is quite sufficient 

r all ordinary purposes. Taking the production from one of these 
achines built in 1900 as the unit (see Appendix, Table 4), the fol- 
owing figures are obtained: 


£ 
1900 machine cost per unit of production. ..112 
1905 machine cost per unit of production. ...83 


1910 machine cost per unit of production... .71 


i2 These figures would vary with the class of work; on some 
work the gain would be more, on other work less. This case has 
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been fully dealt with, as some doubt has been expressed as to the 
advantages of the use of high-speed tools in turret lathes. 

43 Slotting Machines. Little attention has been called to the 
adaptation of slotting machines for the use of high-speed steel, so a 
somewhat full deseription of two machines of quite modern design 
are given, Figs. 13 and 14, the one a 6-in. stroke belt-driven machine, 
the other a 10-in. stroke variable-speed motor-driven machine. The 
ram is carefully balanced and the crank is supported ina bearing at 
its outside end to prevent any side play. The ram is adjusted for 
height by means of a worm and pinion which swings into gear by 
moving a pin. The back of the ram and the plate carrying the con- 
necting-link pin are serrated to prevent any chance of the ram slip- 
ping. Special attention is drawn to the feed gear, which, in the case 
of the LO-in. machine, consists of a revolving vertical shaft driven 
from the upper portion of the machine which drives by means of 
bevel gears a cam on a horizontal shaft. This cam works a ratchet 
Which acts on a ratchet wheel provided with a brake to prevent over 
running. The whole of this feed gear can be thrown out of action 
When it is desired to feed by hand. The feeds to the table are put 
in and out of action by hand levers, and the worm for the cireular 


feed can be lifted out of gear, enabling the table to be spun round 
quickly by hand. The feed gear for the 6-in. machine is worked by 


a cam on the driving spindle. This eam can be thrown out of action 
when it is desired to feed by hand, so that all the feed gear is sta- 
tionary. 
M44 The cutting powers on steel are shown in Table 3. These 
were taken without the least sign of jar or vibration. 
TABLE 3 CUTTING POWERS ON STEEL 
— 


Cut In inches | Superficial M 
Material 
Size of Strokes, Area Covered fatert 


‘iachine, in. per Min. Per Min., te vie 
Length Depth Min., ib. 


sq. in 


» Jib Drilling Machines. Great attention is now paid to mak- 
these machines so stiff that very little deflection of the saddle 
~ place. One maker provides a double-girder jib with a space 

\ between the two girders for the saddle. The saddle is supported 
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by the girders on each side of the spindle, so that there is no twisting 
movement round the horizontal axis of the jib. Change-speed gear 
boxes or variable-speed motors are generally provided, allowing from 
12 to 15 h.p. for the larger sizes. Such machines are capable of 
drilling inch holes at a rate of travel of 5 in. per min., and to drill 
100 in. holes in an hour through plates an inch in thickness is ordin- 
ary practice. 

46 Really fast drilling cannot be done on old jib-drilling machines, 
as the jibs spring and twist causing the drills to break, and in many 
cases the arrangement for feeding and withdrawing the spindle are 
most unsatisfactory, but still high-speed drills can be used to con- 
siderable advantage in some of the best makes of pre-high-speed 
drilling machines by increasing the belt speed. But running the 
drill at a high speed and a fine feed entails considerable loss of power. 

47 Milling Machines. The power allowed for milling machines 
has been greatly increased within the last few years, but it is very 
doubtful if milling machines should be used, except in special cases, 
for heavy roughing work, as the power required to remove material 
with a milling cutter is very large as compared to tools of the lathe 
type. The milling cutter may be compared to a lathe tool with a 
very long cutting edge removing a thin wide chip, which, as has 
already been seen, requires far more power than a tool with a short 
cutting edge removing a thin narrow chip. The actual consumption 
of power to remove a pound of material with a milling cutter is 
about double that required by a lathe tool. 

48 Planing Machines. A great advance has been made in the 
cutting speed of planing machines, and naturally with the increase 
in cutting speed came a desire for a quicker return stroke. Heavy 
planing machines now have a return stroke speed of 90 ft. per min. 
and lighter machines are made with a return stroke up to 180 ft. per 
min., the shock at the reverse being absorbed by recoil springs. Vari- 
ous devices are now made which can be fitted to pre-high-speed plan- 
ing machines by means of which the above results may be obtained 
at a moderate expenditure of money, and the results are most satis- 
factory. It seems a pity that more use has not been made of the 
arrangement fitted to the planing machines designed by Sir Joseph 
Whitworth for cutting on both strokes; certainly for roughing out 


this is very economical. 
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APPENDIX NO. 1 


FABLE 4 DETAILS OF HIGH-SPEED STEELS. TWIST DRILLS 


Drilling on Ordinary Grades of Mild Steel and Cast-Iron. using Class A High-Speed Steel and 
Ordinary Tool Steel 


Size Cutting Feed Feet in 
of Speed, per In. 
Drill, Ft. per F ; Revolu- per 


py In. Min tion Min. 


Twist-Drills 


‘High Speed... 720 0097 
Ordinary... y 320 0062 
High Speed 510 
Ordinary... 5 205 008 
High Speed 400 0125 

irdinary...... 145 Ol 
High Speed 1 250 
rdinary. 27 70 O119 
‘High Speed... 120 0166 
—Ordinary....... 27 35 0127 


— orn 


onc = 


Class B. The life of the drill would be 50 per cent longer at the same speeds and feeds. 
Class C. The life of the drill would be 100 per cent longer at the same feeds and speeds. 


TABLE 5 PARTICULARSOF CUTTING WITH TURNING TOOLS OF CLASS BSTEELS 


Cuttir Depth Material 
eeds Time Cutting in 
speed, of removed, 

. per : Min. before 
Ft. per I Cut, Lb. per the Tool - 
n. ie Tool gave or 
Min. In Min. 


Material 


Hard Steel C. 6, Mn. 64 te £ 169 
old Hard Railway Tires 2 tools finished 
10 pairs of tires 
‘fedium Cast-iron Cutting 
Seale... 70 
eel shaft C. 24, Mn. 54 50 
Limit of 
drive 
‘1, 30 Ton Tensile 250 10.4 | Same tool used for 
‘!, 30 Ton Tensile.............. 300 6.3 ‘three tests. Final 
1,30 Ton Tensile.............. 300 10.5 } condition good. 
1,30 Ton Tensile.............. 15.6 


‘on Tensile....... 74 tons 
in 82 


ie re i 
x | 
& 
4 q 
15 
‘4 
$45 
af 
= 
hr. 
| 
749 


HIGH-SPEED TOOLS AND MACHINES TO FIT THEM 


Depth 
of Cut 
In 


Material Size of Cutter 


Mild Steel in. diameter by 22 in. long 

Mild Steel 8 in. diameter by 8 in. long 

Semi-hard.. 7 
Semi-hard.. 4} in. diameter by 10 in. long 


= 
TABLE 6 MILLING CUTTERS | 


TABLE 7 DIMENSIONS OF PRE-HIGH-SPE 


Height of centre, in...... 36 
Width of Belt, in...... 5} 
Front Bearing Diameter, in.................... 13 10} 
Front Bearing Length, in. ; 21 16} 
Tailstock Barrel Diameter, in. .... 8} 7 
Stepped Cone Largest Diameter, in............... 4 36 
Stepped Cone Smallest diameter, in............... 20 16 
Revolutions of Countershaft ; 130 130 196 160 
Horsepower from Fastest Belt Speed 25 : ‘ 3.5! 1.44 0.56 
Horsepower from Slowest Belt Speed. .......... i 12.4 0.58 
Calculated on Lb. per In. of Width 40 
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TOPICAL DISCUSSION ON HIGH-SPEED TOOLS 


Following the paper on High-Speed Tools and Machines to Fit 
Them, presented by H. I. Brackenbury at the meeting in Birming- 
cham, England, was a topical discussion’ on tools 
with written contributions by John Calder, Luther D. Burlingame 
and L. P. Alford, Members of the Society. These plc 
*gave a resumé of American practice and outputs in rapid machine- 
tool work and lantern slides were displayed by the first two authors ’ 
showing modern American tools and examples of work produced by 


them. These introductory discussions were followed by a general 
diseussion from the floor. 


RAPID PRODUCTION IN MACHINE WORK 


Discussion BY JOHN CALDER 4 = «94 


A 


f Among the heaviest work in metal turning is that of railroad tire 

turning. The capacity of the latest heavy motor-driven driving- 
wheel lathes is remarkable. Test runs show the possibility of an | 

output of 10 to 14 pairs of driving wheels in a day and the Niles- 
Bement-Pond Company report the average capacity of their extra- 


wavy lathes in four of the best-known railroad shops to be eight pairs 
{ driving wheels in 10 hours, and of what is called their “Standard” 
lriving-wheel lathe five or six pairs of wheels in 10 hours. 
An inquiry has been made by the Railway Age Gazette of New 
‘ork as to the output of the principal machine tools in locomotive 
pair shops, with a request for information on work performed 
ider normal conditions during 10-hour periods and the report of 
is investigation is given in the issue of this journal for February 
1910. 


Chis discussion is here published in abstract only. The complete discus- 
| together with engravings made from the lantern slides appeared in the 
cunt of the Meeting in England published in London Engineering, August 5, 
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DISCUSSLON 


ON HIGH-SPEED TOOLS 


The report on turning worn driving-wheel tires is from shops using 
lathes built between 1901 and 1909, three lathes being of the latest 
type and ten of earlier types. The majority of the records relate 


to tires averaging 62 in. in diameter and show that a majority of 
the shops are turning the equivalent of five pairs of 62-in. tires in 
ten hours, the highest record being eight and the lowest three. 

Tire-boring is not such heavy work as the tires are rolled close 
to finished size. A large number can be bored per day, but this work 
as carried on in different shops shows a wide variation of from. six 
or eight to forty or forty-five tires in 10 hours. An output of thirty 
to forty tires per day would be good practice. 

The records show that from two to four cast-iron centers can be 
finished per day and that one to two and one-half steel centers 
represent average work. . 

The records for turning locomotive axles are from twelve shops 
which rank among the best in the country, and include one which 
reports 4 steel axles 9 in. in diameter, one 33 axles 9 in. in diameter, 
two 3 axles 8 in. and 9 in. in diameter, one 45 iron axles 7} in. in 
diameter. Four shops report only one steel axle in ten hours and 
some others report only two. Many repair shops use for axle turn- 


ing an ordinary lathe with narrow belt built years ago. Special 
lathes for locomotive axles built in recent years have a 5}-in. belt, or 
if direct-connected, a 25-h.p. motor. The reports on axle turning 
show that about 50 per cent of the shops are up to the mark set as a 
suitable capacity for the new type of tools, the output of which should 
be from three to five axles with 9} or 10-in. journals in 10 hours. 


CAR-WHEEL TURNING 


The plants of the Niles-Bement-Pond Company have built car- 
wheel lathes of different types for many years and the records of this 
company indicate that the improvement in tools and steels, in the 


lathes themselves and in the methods of handling the work have 
increased the output of wheels three-fold during the past ten years 
in the best equipped shops. Ten years ago 6 pairs a day was con- 
sidered a fair output; five years ago 12 pairs a day; and now many 
railroads are equipped with lathes turning out from 16 to 20 pairs 
of 36-in. wheels in ten hours. 

The most recent record is from tests made on a Pond 42-in. motor- 
driven car-wheel lathe at the West Albany shops of the New York 
Central Railroad. Both Krupp and Paige wheels were turned and 
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the toois were of Mushet high-speed steel. The record is 25 pairs” 
of 36-in. wheels in 7 hours and 54 minutes with one operator and one — 
helper; average time for turning 19 minutes. The operations were — 
divided as follows: 
Average time putting wheels on lathe... .2 minutes, 53 seconds 
Average time roughing..... _.9 minutes, 26 seconds 
Average time finishing. . . .....9 minutes, 24 seconds 


Average time taking wheels out of lathe. .1 minute, 17 seconds 


Average depth of cut, .°; in.; feed, 38 in.; speed 16 ft. per min. 
In turning, the tool is driven directly under the hard skin caused 
by the friction of the brake shoes upon the wheels and a roughing | 
cut taken across the tread. After that a finishing tool, the shape and— 
full width of the tread, is fed directly in without any cross feed and 
finally a forming tool is used to give the shape to the flanges. 


* 
MANUFACTURING LATHE 


Recent improvements in machine tools have been in the direction | 
of reducing the idle time between cuts so that the cutting tool may | 
be in nearly constant operation and the full capacity of the machine- 
realized. 

A manufacturing lathe manufactured by the Lodge & Shipley Ma- 
chine Tool Company is designed with a multiple stop attachment for 
the longitudinal and cross feeds, whereby all measurements after 
the first setting of the tool are obtained mechanically. The location 
of the shoulders on the part being turned is controlled by adjustable 
stops which can be set in the desired positions on a bar beneath the 
apron, and thereby throw out the power feed at these points and allow 
the carriage to be brought up by hand against a positive stop. There 
are also adjustable stops for locating the cross slides to determine 
corresponding diameters. The lathe has a compound rest for turn- 
ng and a rear plain rest carrying an inverted squaring or necking 
‘ool. These two rests are connected and as soon as the longitudinal 
ved trips automatically, determining the position of a shoulder, the 

tire cross slide is fed forward. This withdraws the front tool from 
he cut and the rear tool squares the shoulder and necks the piece 
‘it is subsequently to be ground. If large numbers of pieces are to 

‘made, a spacing bar containing notches for tripping the feed is 

sed in place of the stops. 

Examples of work are shown in Fig. 15. The upper piece is a 

achinery steel change-gear shaft for an 18-in. lathe. Comparative — 


DISCUSSLON ON HIGH-SPEED TOOLS 


tests were run by the same operator with two groups of six shafts 
each. Using the best engine-lathe methods with hand calipering, 
the time for the six was 96 minutes with limits allowed of + 0.003 in. 
With the multiple stops the time was 66 minutes and sizes were within 
0.001 in. The other piece of work illustrated in Fig. 15 is an 
armature shaft of 0.50 carbon steel turned at a surface speed of 160 


ft. per min. with a feed of 75 per in. The piece had to be reversed 
in the lathe in order to get at both ends. Two chips were taken 


over the small diameters at the ends and one over the center of the 
shaft, leaving 0.012 in. for grinding. The turning time, including 
handling, was 21 minutes. 


Charge Geer Shott 
6 Turned C6 minutes 07 (8 inch lathe. Levit oF accuracy * 


2h 
28° 

O50 Carbor Svae/ 

Turning on LO Lothe 2/ minutes 
Speed (60 feer. feed 75 

Leaving for grinding 


Fie. 15 Exampies oF DONE ON A MANUFACTURING LATHE 


As another instance of the effort to economize time between the 
actual periods of cutting examples were referred to of pieces machined 
in the Bullard Vertical Turret Lathe. The tool equipment and suc- 
cessive operations in machining an automobile flywheel are shown in 


MILLING 


Here the speaker quoted results given in a paper upon The Devel- 
opent of a High-Speed Milling Cutter by Wilfred Lewis and William 
H. Taylor, (the Taylor-Newbold cutter being referred to), published 
in Volume 30 of Transactions of The American Society of Mechanical 
Engineers. Reference was also made to extremely heavy milling 
performed at the American Locomotive Company’s works at Dun- 
kirk, N. Y. on a Bement rod-milling machine, 48 in. between housings, 
equipped with a 62-h.p. motor. During tests this machine has re- 
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moved nearly 23 Ib. of metal per minute, or at the rate of 1380 Ib. 
per hour, but the motor was then greatly overloaded. To remove 
regularly 1200 lb. per hour would require a 90-h.p. motor. A prac- 
tical cutting capacity is stated to be 672 lb. of metal per hour. The 
cutter had inserted blades of high-speed steel. 
As further illustrative of the tendency to reduce the waste time for 
handling and adjusting the machine in machining operations as well 
as to secure the most economical speeds and feeds for a given piece 


Operation Qoerator 


lic. 16 OprRATIONS IN MACHINING AN AUTOMOBILE FLYWHEEL ON A VER-— 
TICAL TURRET LATHE 


if work, is the method followed by the Cincinnati Milling Machine — 
‘‘ompany of issuing instruction sheets to accompany the work. This 
‘ives the operations, tools to be used, and time in which the work 
an be completed—the ‘‘Standard” time. The work is done on the 

‘emium system, based on a “Premium” time; but if completed 
vithin the standard time a bonus also is paid. 


> 


ixamples of gear cutting on Gould and Eberhardt machines were 
,ioted as follows: A 90-tooth cast-iron gear, 3-in. circular pitch, 


GEAR CUTTING 
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nearly 88 in. outside diameter and 12-in. face. This was blocked out 
on a Gould and Eberhardt 84 in. by 16 in. gear-cutting machine in 
2 hours and 20 minutes with a gang of three carbon steel cutters, at 


a feed of 11 in. per min. 

A 122-tooth cast-iron gear, 1} diametral piteh, approximately 
82 in. in outside diameter and 6-in. face. Blocked out with a‘ Novo” 
steel cutter at a cutting speed of 65 ft. and a feed of 10 in. per minute; 
time 1 hour and 50 minutes. Teeth were finished with a carbon steel 
cutter at a speed of 52 ft. and a feed of 7 in. per min.; total cutting 


time for both operations 4 hours & minutes. 
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Previous time required for £3 hours 
Time for grinding from rough ces’ng. hours 


Fig. 17) Rout FINISHED BY GRINDING 


A 20-tooth pinion of open-hearth steel, 3-in. circular piteh, 12-in. 
face, one roughing and two finishing cuts with carbon steel cutters: 
feed 1.3 in.; total time 105 hours. 

By contrast in point of size were pinions generated on a Gleason 
6-in. bevel-gear generating machine in the Brown-Lipe Gear Com- 
pany’s works, Rochester, N. Y. A ?-diametral pitch steel pinion, 10 
teeth Z-in. face, was finished, after first roughing out, in 1 minute 
15 seconds. This does not include time for adjusting the machine or 
blank. The builders, however, recommend 100 seconds as the cutting 
time for pinions of this size. 


CYLINDRICAL GRINDING 

Under the present advanced state of the art of grinding the abras 

ive wheel is taking its place with the lathe or planer tool and the mil 

ling cutter, as an efficient tool for operating directly on rough casting 
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-and forgings from which as much as $ in. of metal (on the diameter) 
‘may have to be removed in extreme cases or for finishing surfaces 


over which a single roughing cut has been taken with a coarse feed, 
leaving, perhaps 3's in. of metal to be removed. 
An interesting example of this is the grinding of chilled-iron car 
wheels. During a test made at the Pennsylvania Railroad shops at 
Altoona, Pa., on a machine built by the Norton Grinding Company, 
Worcester, Mass., 106 pairs of wheels were ground in 27 hours 20 
‘minutes, or at an average of 153 minutes per pair. Of rthese wheels, 
22 pairs were new, one pair was of steel and the rest we e flat wheels, 
cand it may be noted that the time compares favorably with that for 
turning steel-tired wheels in the lathe. 
Chilled rolls are also successfully finished entirely by grinding in 
—inassive machines without previous turning. An example typical 
of many, Fig. 17, is of a roll 4 ft. 5 in. long, 125 in. largest diameter, 
with several shoulders and } in. of stock (on the diameter) to be 
taken off, which was ground in 103 hours. The previous turning 
time had been 23 hours. The wheel used was a No. 24 Alundum 
wheel—that is, 24 grains tothe inch—-one grade softer than medium. 


SURFACE GRINDING 


The grinding of plane surfaces instead of milling or planing is 
egularly done on a vertical surface grinder made by the Pratt and 
Whitney Company. The machine has a vertical spindle with a 
ertical feed, carrying a cupped grinding wheel. The work is held, 
veferably by a magnetic chuck, on a work table, either reciprocating 
r rotating as desired. Examples of such work are square trans- 

ission shafts for automobiles, ground from the rough bar at the 
ite of three or four an hour; piston rings 7 in., 9 in. and 11 in. in 

ameter, ground from the rough at the rate of 40, 50 and 60 an hour 
spectively; aluminum and iron castings for automobiles, ete., 
ugh cast surfaces, ground at the rate of 12 to 40 pieces an hour. 


DAT. A ON MANUFACTURING METHODS WITH 
MACHINE TOOLS 


Discussion BY LuTHER D. BURLINGAME 


‘he extensive set of special tools required to make a modern 

chine tool on a manufacturing basis and to attain the degree of 

uracy required is indicated by the tool equipment for making the 
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spiral head swivel for a universal milling machine. The 18 special 
tools required for making it are listed below: 

a Boring fixture and tools in cupboard; 6 apparatus for grind- 
ing;c driver for turning; d counterbore for spindle rear washer seat; 
e jig for drilling front bushing screw holes; f reamer for index stop pin 
hole; g taper reamer and test plug; h roughing and finishing taper 
reamer; 7 arbor for turning; 7 jig for drilling wormshaft bushing, stop 
serew hole; & jig for drilling oil and screw holes; / jig for finishing 


Fic. 18 Boring Fixrcure ror Heap Swiven 


drilling spindle stop pin hole; m milling cutter; » fixture for gradu- 
ating; o fixture for testing graduations; p test plug; g bushing for 
testing rear bearing; r device for testing. 

Among these tools the fixture for boring has been selected as typ- 
ical of the extent of equipment necessary for the production of such) 
parts. Fig. 18 shows this fixture in the cupboard made to store it 
when not in use and in the front is a spiral head swivel for the manu- 
facture of which the fixture was designed. The boring bars and cut- 
ting tools have their proper place in the top section of the cupboard, 
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being so grouped that the tools for use in each position are together. 


~ The fixture itself is placed on a carriage in the lower part, this car- 
riage being mounted on wheels which are guided on a track. When 
the front door is opened a section of track attached to it and matching 
the track in the cupboard provides so that the carriage can be drawn 
out to a position where it can be readily lifted onto the boring mill. 
A hook on the end of each rail prevents the carriage being run off 
onto the floor. This boring fixture is of special interest in that it can 
be set to bore the swivel in three positions without removing it from 
the fixture. 


Fig. 19) Mituinc Tor Borrom or Mituinc MacHiIne TABLE 


Willing Top and Bottom of Milling Machine Tables. Fig. 19 is an 
xample of milling in which the top of one table and bottom of another 
ible of a universal milling-machine are milled at one traverse of the 
tachine, the milling being done on a Brown and Sharpe No. 5-B 

avy plain milling machine. At the completion of the cut one table 

removed and the other one, which has been milled on the top only, 
turned over, so that the bottom may be milled, while a rough cast- 
zis put in its place and the cut repeated. This illustrates economy 

handling the work as well as in the time of milling. The large 
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cutters are of high-speed steel, the small cutters, running at much 
lower surface speed, are of ordinary carbon. steel. 

An Example of Heavy Milling. An example of heavy milling on a 
machine of the same size. and type as used for the milling-machine 
tables is to be had in tests made on a steel block of 65,000 Ib. tensile 


strength. Eighteen cubic inches of metal were removed per minute. 


The output of the motor was 21.05 h.p., making 0.85 cu. in. removed 
per net horsepower. At no time during the test did the machine 
show signs of distress or appear to labor excessively, and the notable 
absence of vibration was emphasized in’ the following manner. 
A coin was placed upon its edge at one end of the table, with its side 


hig. 20) INsertep Tooru Currer usep IN MiLuinG Fuatr-IRoN Borroms 


at right angles to the axis of the table, and on the opposite end a 
full glass of water was placed. The machine was then started and 
many cuts taken without overturning the coin or spilling any of the 
water. 

A feature of note in connection with this test is the efficiency of 
the high-speed steel cutters employed. One gang removed 1800 cu. 
in. of steel without sharpening. The cutters were so nicked as to 
produce chips about ,*. in. long. 

Continuous Milling. An example of continuous milling on a No. 
5 vertical spindle milling machine is of ten flat-iron bottoms held in 
aw special fixture on the circular milling attachment. The table 
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makes one complete revolution in four minutes, thus finishing 

surfaces of ten flat-irons in four minutes, or 150 per hour. ‘The fix- 
ture is so made that the workman ean easily replace the work and 
keep the machine going continuously. The cut on each piece is 
about 8 in. long and 4} in. wide at the widest part, and about 4'y in. 
deep. Fig. 20 shows the style of inserted tooth-cutter used, which is 
designed to avoid undue projection beyond the end of the spindle, 


TABLE 9 RECORD OF GEAR CUTTING RESULTS 


a 


2 
46 PITCH CAST [RON GEARS 4 FACE /3P00LB. 
TENSILE STRENGTH. CUTTER 28 DIAMETER HOLE, TEETH. 


Number 


Kind of for Culler 


With or Wilhou? 
lir_ as. 
Number of Gears 
Cul af Once 
Rero/utions Per 
| Minute of Laer. 
Periphery Culler 
feed 
Per Miniusle 


Total face of Gang 


Number of Jeerh in 
Gear Being Cul | 
Culing Vime Fer | 

Setting in Minutes 


Teeth Cot Betore) 6684) 5534 /2236\25502 


‘o allow the cutter to be easily removed, and to make it possible to z 
ise the same cutters on machines with different sizes of spindles. 
Table 9 gives data for commercial 


Commercial Gear Cutting. 
work on a Brown and Sharpe No. 3 automatic gear-cutting machine 
n cutting 16-pitch cast-iron gears with ordinary carbon steel cutters, 
igh-speed steel cutters, and with or without an air-blast. The 
ears cut when these records were made all passed inspection and were 
ut Into use. 
The air-blast adds materially to the rate of production, as will be 
en by comparing the feed in inches per minute of Nos. 1 and 3, 
here a gain of nearly 70 per cent is made when using the air-blast _ 
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with carbon cutters and by comparing Nos. 2 and 4, where a gain of 
10 per cent is made when using the air-blast with high-speed cutters. 

The high-speed steel cutters with the air-blast give an increase of 
production of almost 4 to 1 over the carbon cutters without the air- 
blast. In cutting cast-iron gears of coarser pitches, the gain is about 
the same proportion. Even under the fastest cuts the gear teeth 
show surprisingly little tendency to break out at the back, although 
cut without being supported. The air-blast is supplied by a Sturte- 


Fig. 21 New Tyre or Strocxina Currer 


vant blower discharging through a tube 1} in. in diameter at a pres- 
sure of about 14 oz. persq. in., this being sufficient to cool the cutter and 
keep the chips away. 

The following records are of commercial work done in the gear de- 
partment of the Brown and Sharpe Manufacturing Company ona No. 
6 automatic gear-cutting machine. In the first example three finish- 
ing cutters were used in a gang, finishing three teeth at once. In the 
second of two methods tried better results were obtained by using 
a stocking and finishing cutter together than by using two finishing 
cutters. Oil was used as a lubricant in both cases. The data for 
these examples are as follows: 
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a Gears of steel castings, 70,000 Ib. tensile strength, 3-pitch 
din. face, 67 teeth. Cutter 6 in. in diameter, 1? in. hole, 52 r.p.m., 
St ft. surface speed per minute, 216 in. feed per minute. Feed, 
‘Y.049 in. per revolution of cutters. The three cutters cut three 
gears in 67 minutes each, without sharpening the cutters, which 
were in good condition, and could have cut several gears more. 


TABLE 10 RECORD OF RESULTS IN GRINDING 


Pug drive wort 
wher 


Cas! /ron 
+ 


4 


| Sof? Mactinert Machinery \Mach Stee! | Mach See | Bearing 
+ 


SYee/ hardened Case Hardened 


ferna/ \ External \ External \ \ Externa/ External 

+ + + -—-+-— —-- 

Stondord | Slandord Standard } 


Reaured Limit | canes” Sal | Smal! | coos” nat | 2205 | 


Yumber of Pieces | | rr 
| 


In Lots of yoo \ $0 500 \ 200 


Gears of steel castings, very hard, probably 100,000 Ib. 
pitch 5-in. face, 51 teeth. The cutters, 6 in. in diameter, 1} in. 
le, 28.61 r.p.m., 45 ft. surface speed per minute,l1s in. feed per 
nute. Feed, 0.042 per revolution of cutters. Cutting time, 
hours, 
Che roughing-cutter used in the second example was a new design 
tepped stocking-cutter shown in Fig. 21. 
oughing out Gear-Teeth The following record was made with 
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the new design of stocking cutter in roughing-out gear teeth, on a 
No. 5 automatic gear-cutting machine. 

Gear blanks of machinery steel 65,000 Ib. tensile strength, 43 in. 
in diameter, 6-in. face. Cutter 3-pitch stocking, 5} in. diameter, 

Yin. hole, 90 r.p.m., 124 ft. cutting speed per minute, 7 in. feed per 
minute; feed 0.078 in. per revolution of cutter. Cut 15 teeth, 0.749 
in. deep; total number of inches cut, 90. Cutter in good condition 
at end of cut. Test made with 73-h.p. motor belted to countershaft 
of the machine. Efficiency of the motor, 783 per cent. Gross horse- 
power used, 5.089. Net horsepower, 3.99, LL0 volts, 40 amperes. 

Grinding Data, Plain and Universal. Grinding Machines. The 
examples of commercial grinding given in Table 10 illustrate what 
is being done under actual working conditions in commercial work 
on the variety of pieces indicated, which are of various materials 
and both soft and hard. A reversal of the usual rule where economy 
is gained by having one man operate more than one machine is 
shown in Example 6, where work is more economically produced by 
having two men run one machine—that is, having one man operate 
the machine and a helper drive the work on and off the arbor. All 
other data are based on one man to a machine. These pieces passed 
inspection within the limits given. The average loss from work of 


this class coming below the required limit or being otherwise spoiled 
1 


is less than } of one per cent. 


DEVELOPMENT OF HIGH-SPEED DRILLING MACHINES 
Discussion BY L. P. ALFoRD 


This discussion will be confined to a brief abstract of three articles 
published during the last few months in the American Machinist, 
describing machines made by five different firms and records of 
tests. 

In January 1909, the Bickford Drill & Tool Company, Cincinnat 
Ohio (since purchased by the Cincinnati Bickford Tool Company 
shipped four radial drilling machines, each of which was subjected t: 
the test of driving a 1}-in. drill in steel at a speed of 310 r.p.m 
(101.45 ft.) and 0.038 in. feed. The least power consumed by thi 


1See Radial Drilling Machines and Records, by F. Bocorcelski, page 47: 
Tests of a Remarkable High Speed Radial Drill, by H. M. Norris, page 91; 
High Power Drilling Machines, page 1189, all of Vol. 33, Pt. 1. 
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work was 18 h.p. and the maximum 21.3 h.p. Of the half dozen or 
more of the 1}-in. drills of various makes submitted for trial, there 
was not one that the machine was not capable of destroying. 

From the experience with these four machines a fifth high-speed 
radial drill was built and exhibited in June 1909, at the Atlantic City 
Convention of the Master Car Builders’ Association. This machine 
had a speed range from 38 to 519 r.p.m.; the greatest peripheral gear 
speed was 960 ft. per min. It has successfully driven a L}-in. drill 
in a steel block, stated to be 55-point carbon, at 425 r.p.m. (139 ft.) 
and 0.02 in. feed, giving a depth of hole drilled per minute of 8.5 
in., Without the slightest indication of distress. The machine has 
four changes of speed in the head and makes use of but a single 
reduction in driving drills at LOO ft. per min. from ? to 22 in. in 
diameter. The gearing is of 3.5 per cent nickle steel hardened. 

The following tabulation shows speeds, feeds and depth drilled 
per minute as determined by a demonstration test: 


Diameter 4 Depth per 
Revolutions Feed pet 


r minut revoluti minute, 
ver minute evolution 

inches 

0 020 8 50 

0.020 5.32 

3 0 020 3.74 

34 0 O15 1.98 
0 015 1 61 

L 


\ large number of drilling tests have been made with this machine 
il from these the following tabulation has been compiled showing 
e power consumed per pound per minute of metal removed in driv- 
«a L}-in. drill in machinery steel at various speeds and feeds: ‘ 


SPEED Freep per Revoiurion in INcues 
‘evolutions Feet 0011 0.015 0.020 0 

| 

124 40.54 9.49 8.03 6.97 § 28 

142 46.45 9.33 6.22 

170 55.60 8.86 7.62 6.83 6.21 

202 66.10 8.43 749 6.77 6.21 

245 80.19 8.15 7.22 6.61 | 6.20 


Chis shows that the power per pound of metal removed decreases 


\ slowly as the speed is advanced, as compared with the reduction 
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effected through increasing the feed. Doubling the speed that is 
running at 245 revolutions instead of the 124 revolutions effects, at 
the 0.011-in. feed, a saving in power per pound of metal removed of 
14.2 per cent, while doubling the feed that is advancing the drill 
0.020 in. per revolution, instead of 0.011 in., effects at the speed of 
124 revolutions, a saving of 28.7 per cent, or more than two to one. 

In regard to cutting speeds these results indicate that drills of the 
twisted type from 1 to 2 in. in diameter may be operated in steel of 
55-point carbon, at a cutting speed of at least 100 ft. and 0.02 in. 
feed without more than ordinary dulling. There are some steels 
that can be drilled with safety at 125 ft. 

An interesting point is this, a 1}-in. drill operating at a speed of 
100 ft. and 0.020 in. feed requires fewer than 24 sec. to pass through 
a 2-in. plate. The importance of having a drilling machine that can 
be easily manipulated is thus forcibly shown, for all of the advantage 
of high-speed drilling may be lost if too great a length of time is con- 
sumed in bringing the head and arm into position for a second hole 
after the first has been drilled. 


TESTS BY 


THE AMERICAN LOCOMOTIVE COMPANY 


[In November 1999 and February 1910, tests were conducted by 
the American Locomotive Company on three high-speed radial drills 
that had been built to meet the firm’s specifications. One each of 
these drills was made by the Bausch Machine Tool Company, Spring- 
field, Mass., Edwin Harrington Sons’ Company, Philadelphia, Pa., 
and the Niles-Bement-Pond Company, New York. All of thes: 
machines proved capable of driving to destruction any drill sub- 
mitted for test and produced results that we cannot fail to look 
upon as remarkable. 

In all cases the tests were made on special hammered steel billets, 
the carbon content of which was approximately 0.70 per cent. Thi 
Bausch machine drove 1}-in. drills at 290 r.p.m. (113 ft.) and 14-in 
drills at 330 r.p.m. (107 ft.) with a feed per revolution of 0.0207 in 
giving approximately 6 in. of drilled hole per minute; 14, lf an 
1 in. drills were driven at slightly lower speeds and with the san 
feed. In general the results from the 1}-in. drills were good, but th: 
1}-in. drills showed a tendency to dull too quickly or else broke. Th 
horsepower per pound of metal rémoved per minute for the 1}-i: 
drills varied from 10.6 to 14.3. 

The Harrington machine drove 1-in. drills at 284 r.p.m,. (110.7) 


4 


ft.) with feeds of 0.025 in. and 0.040 in. corresponding to inches 
drilled per minute of 707 and 11.36, respectively. In practically 
every case, however, either the drill broke or the electric circuit 
opened, showing that the capacity of the machine exceeded the capa- 
bilities of the drill. 

The Pond machine drove 1}-in. drills at 208 r.p.m. (68 ft.) with 
a feed of 0.022 in. per revolution, equivalent to about 6 in. drilled 
per minute with varying results as far as the drills were concerned. 
In some cases the drills broke; in others holes from 6 to 9 in. deep were 
drilled successfully. Drills 13 in. in diameter were driven at 312 
r.p.m. (123 ft.) with feeds up to 0.032 in. corresponding with 10.07 
in. drilled per minute with success as far as the machine was concerned. 
However, only a few inches could be drilled before the drills failed. 

All of the drills referred to in connection with these tests were of 
the flat-twisted type. Both cutting oil containing approximately 
40 per cent of lard oil and cutting compounds were used. The latter 
gave the better results. 

The author of the article describing these tests, when summing up 
the best speeds and feeds for active service states: ‘For maximum 
production and considering the life of drills at the same time, it seems 
hest to run a l-in. drill about 300 r.p.m. (79 ft.) with a feed of 
0.015 in. per revolution; 15-in. drills at 225 r.p.m. (88 ft.) at a feed 
of 0.02 in. per revolution.” 


PERFORMANCE OF COLBURN UPRIGHT DRILL 


Within the last few weeks the Colburn Machine Tool Company, _ 
Vranklin, Pa., has brought out a new drilling machine of the upright 
pillar type. The spindle is 2} in. in diameter in the sleeve, and 
has a nose 33 in. in diameter. The spindle speeds vary from 45 to a 
520 rp.m. It has a power feed of 16 in. and the table has a vertical = 

\justment of 15 in. It is driven by a 25-h.p. motor. 

The feeds are in geometrical progression from 0.009 to 0.06 in. | 

» revolution of the spindle. 

ests were made with Celfor high-speed twisted drills in cast iron. 

ese show that cutting speeds as high as 200 ft. per min. with a 
{| per revolution of 0.06 in. can be used. Drills up to 1} in. 
' liameter were driven at a speed of 520 r.p.m. with a feed per 
lution of 0.060, corresponding to 31.2 in. drilled per minute, 
uniformly the drills were in good condition after having passed 
| ough a 4-in. block. These test blocks are of cast iron of the fol- 
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lowing representative analysis: silicon 2.94, manganese 0.60, graph- 
ite carbon 3.17, combined carbon 0.15, phosphorus 0.446, sulphur 
0.08. 
In a few tests on steel that were reported, 1}-in. drills were driven 


at cutting speeds of 120 ft. per min. and feeds, giving inches drilled 
per minute, from 7 to 10.4. Similarly 15-in. drills were driven at a 
cutting speed of 102 ft., 1?-in. drills at 86 ft. and 3-in. drills at 78 ft., 


with feeds varying from 2.8 to 10.7 in. per min. 
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THe CHarrRMAN (Dr. Goss)! said it had been suggested to him that 
he should announce that twenty-five different builders of American 
machine tools had made formal contributions to the topical dis- 
cussion which had just been presented, and without desiring to 
detract for a moment from the work of the authors of the papers, he 
wished to say that the contributions of the American machine tool 
builders had contributed to the success of the meeting. 


J. said that, on the sandwiching prin- 
ciple, he proposed to go back to Mr. Brackenbury’s paper, and after 
he had spoken no doubt further remarks would be made on the con- 
tributions which had just been read. In the very last sentence of Mr. : 
Brackenbury’s paper attention was called to the neglect of the 
double-cutting principle in planing machines, which had been shown 
hy engineers genera'ly. In that remark he very heartily concurred. 
\lore than fifty years ago Sir Joseph Whitworth showed his appre- 
ciation of the principle of double cutting, by devising a tool box 
which cut on both strokes. The tool turned halfway round at each 
end, and therefore was facing the work to cut either backwards or 
forwards. That tool box of Sir Joseph Whitworth’s had heen used | 
ever since, and was largely used for the work of plate-edge planing. 

I! supposed that all the ship plates and girder plates that had been 
toade in England had been planed on both strokes, snd he thought 


‘t since the invention of that simple tool holder nobody had been : 


t} 
sliciently uneconomic to use an idle stroke on a plate-edge plan- 
in’ machine. Other people tried to improve upon Sir Joseph Whit- 
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worth’s turn-round tool box —to make a good double-cutting tool 
box with back-to-back tools capable of traversing over surfaces of 
material, capable of having a proper angle given to the cutting edge 
of the tool, and capable of being used on emergency on one stroke 
only; as, for instance, when one had to plane up to a narrow land- 
ing and had no room either to turn a tool round or to overrun the 
distance between the two tool points; or when one had to plane 
points and crossings, where it was obviously impossible to meet the 
fine knife edge of the switch with a heavy cut, and one was compelled 
to plane in one direction only. But the makers who followed Sir 
Joseph Whitworth with that attempted development of his principle 
did not succeed all at once in making the double-cutting tool box 
equally as strong, for taking a cut, as the ordinary flapper single tool 
box. Therefore the growth of double cutting had been a slow growth. 
There were inherent advantages in double cutting which must 
force themselves upon the attention of engineers in the course of 
time, and he would mention three of those advantages which he 
did not think were generally grasped. In cutting large surfaces of 
cast iron with a number of slot holes or edges the tool had to encounter 
hard seale. The harder cast-iron was made, the harder the scale 
was apt to be in proportion. In cutting over such surfaces with 
two back-to-back tools, the forward cutting tool whenever it came 
to the edge of the slot hole and other edges chipped away a small 
particle of seale. The backward cutting tool entered clean metal 
therefore, and in its turn chipped away a small particle of scale for 
the forward cutting tool in its turn to enter clean metal. The conse- 
quence was that, in taking a rough cut over a casting with sand and 
seabs and chilled scale upon it, the result of the first cut was as good 
as the result of the second cut would be if one tool was not relieved 
by its companion tool. The second cut had nothing to do except 
to true up the work after it had been relieved of constraint by the 
removal of the skin. Of course after the first skin had been removed 
they must have a second cut to rectify the recovery of the internal! 
stresses before the scraping cut was used. One of the advantages. 
then, of the double-cutting principle was that a roughing cut was 
obtained infinitely more uniform than could be obtained with » 
single tool, partly because of what he had stated about clearing awa) 
the scale and partly because the cut was divided between two tools 
Therefore with a large surface, such a surface as a 30 ft. by 12 ft 
planing machine table full of slot holes, it was possible to go over th: 
whole surface without removing the tool for regrinding, because eac! 
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tool had done only half the surface, the other tool having done the 
other half. 
explained. 

There was also an advantage in having a machine that had not a 
quick return stroke, but that was able even if cutting only upon 
one stroke, to take that stroke in either direction, because it had 
been found that when cutting with a parting tool the back cutting 
tool used a straight parting cutter, whereas the front cutting tool 
must have an expensive parting cutter with more overhang in order 
to allow of its being cranked back to prevent it digging into the 
work, whereas a straight cutter put into the back tool would relieve 
‘itself sufficiently to make no chattering in the bottom of the parting 
The same remark applied to a scraping cutter. With a 
broad scraping cutter fewer chattering marks were obtained if the 
cutters were put into the back holder, than if they were put into the 
front. Some of those advantages were slowly dawning upon users 
of large machines, and he did not think that anybody who took the 
slightest care in thinking what he was going to do would put down 
a planing machine, for instance, for planing turbine cases which 
might be 20 ft. wide and 50 ft. long, that did not cut both ways, 
because he could plane his turbine cases better and cheaper as regards 


Each tool had relieved the other in the way he had already 


vroove. 


the machine and very much cheaper as regards the power that was 
consumed. He also thought people were getting a little educated 
ly driving machines with motors for which they sometimes had to 
pay a penny a unit for power, and never less than a halfpenny. They 
were getting educated as to the amount of power that might be 
wasted idly in a quick-return stroke, which became rather a formi- 
dable amount. He had instanced only turbine cases, but engine bed 
plates and many kinds of planed work could be done advan- 
‘sgeously by double cutting. The net outcome, in his mind, was 
‘hat it was bad economy ever to use a quick return which put an 
erload upon the motor, or required to be provided with a larger 
ihotor than was required for the cutting power for that particular 
!achine. In work, however, where the tools had to be frequently 
anged, not plain work where the only change was between the 
'» ighing and the scraping tool, but in work which had a great many 
a! sles and corners, and right and left-hand corner tools had to be 
‘sod, and tools for rounding off the edges, especially if the work was 
soort, changing the tools in duplicate would take up the time that 
wild be otherwise saved by double cutting. 
‘le thought the outcome of his remarks was that the two principles 
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of quick return and double cutting were meeting each other at a 
certain point. Tentatively, he would say that machines up to 4 

or 5 ft. wide, and up to 10, 15, or 30 ft. long might, on the whole, 

be advantageously made with single cutting tools and quick return 
motion. With regard to machines from that size onward, namely, 
heavy machines & ft. to 10 ft. wide by 30 ft. (0 40 ft. long, and so on, 

he thought hit if the buyer did not vied hinself en re» .o ch 
conservative advice of almost all workmen, and if he looked into 
the question for himself, and was not put off by trifling troubles of 
detail, he would find it advantageous to adopt the double cutting 
principle. Ineffectiveness of double cutting might be quoted to him 

by a workman or foreman simply because the box of which he indi- 
vidually had had experience had been made too light, or had a defee- 
tive feed motion, but there was no reason why a double tool box 
should not be made just as strong as a single tool box. Exceptional 
cases might also be put forward where it was necessary to bolt a 
strong staff to the tool slide to reach down 3 or 4 ft. and take a 
decent cut with considerable overhang from the tool box. When 
that was the case, whether it was a double or single tool box, the 
whole tool box should be removed, and the staff should be bolted 

as close up to the cross-slide as possible. 

He would not deal with the interesting and important details of 
drive for quick return machines on the present eccasion. There was, 
however, a great deal to be said on that subject. Mr. Brackenbury 
alluded generally to the question, but he (Mr. Wicksteed) would not 
encroach upon the time of the meeting in that regard. He wished, 
however, to say, before sitting down, that he thought Mr. Bracken- 
bury had performed a very useful service to the engineering profes- 
sion in calling attention to the neglect with which the double cutting 
principle had hitherto been treated. 


Witi1AM Lopae! said that in listening to the various papers which 
had been read, he could not help but think how rapidly engineers 
apparently were moving in the business under discussion, but he 


thought at the same time the p.pers were likely to be misleading to 
anyone who was an owner of a business and not practically engaged 
in the manipulation of the metals. For that reason he would cal 
attention to the fact that the total tim: consumed in roughing 
operations in the building of almost any machine would not perhap: 
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exceed one-quarter of the total hours involved in its manufacture, so 
that the saving effected was not likely to make engineers instantly — 
rich if they bought high-speed steel or high-speed tools. He thought - 
the taking care of some of the other features which tended to theprac- | 
tice of economy in the building of machinery was well worthy of atten-_ 
tion. While he himself used high-speed steel, made machines pur- 
posely for its manipulation, and was an advocate of its use, in watch- 

ing the progress made and the economies effected in the making of 
machinery he found there were a great many other things that could be 
practiced to advantage. In the endeavor to bring that a! out, 
the handling of making diameters and of making lengths which 
Mr. Calder illustrated in his remarks resulted in the saving of a great 
dealof time. He did not wish to call attention particularly to his own — 
machines, but to the fact that if a sufficient amount of time could 
be saved in the various manipulations beyond the roughing, good — 
would be done to the members of both Institutions. 

The question of taking care of the time in which the work was 4 
done was also of great importance. The ordinary day-work method, _ 
allowing that all the men were honest, |.ut were not thoroughly well 7 
looked after, was liable so to work out that, in the case of one 
man he would give one hour’s work in ten hours; in the case 
of another man two hours’ work in ten hours; and in the case of a 
third man, three hours’ work in ten hours; and the question of find- 
ing how to handle the men and the work, and get the proper 
production, was just as important as the question of the high-speed 
steel. 

The question had, no doubt, arisen in the minds of many of the 
members of how all the various pieces were to be sent through the 
vorks and delivered in the assembling room at the proper time. 
\lany workshop engineers, or shop doctors as they were called, had 
vone into various establishments and said, ‘We can do wonders.” 
Che saving of the time that was formerly consumed in the mere 
‘oughing of a piece, to the extent of perhaps one-twentieth of the 
vhole, was something, but it was a long way from taking care of the | 
ntire machine. He believed that if engineers were to give more> 

‘tention to the work from the time it came into the shop until it. 
rrived in the assembling room, it would be of more benefit to them 
‘ian believing that they were getting rich because they were cutting 
vetal very rapidly, a feature which consumed only a small part of | 
‘.e work of the machine. 
‘le had had various systems under careful consideration with © F 
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regard to the question of beginning, and even some part of the best 
of them might be improved upon. For instance, in carrying the 
work through the shops a tag might be used, supplied with an ordi- 
nary office clamp and twelve coupons, in a case where twelve opera- 


tions had to be performed upon one piece. The upper coupon described 


the first operation; it gave the time that the operation should be per- 
formed in, and such other information as was necessary. For in- 
stance, if it was done by piece work the time allowance would be 
given, and the same information was given if it was done under a 
premium system; but whatever way it was, it gave all the information 
necessary for the first operation. When the first operation was per- 
formed, the top coupon was taken off, and the next one showed that 
the piece must go to the roughing machine, and the time for the 
operation and any other information was given for that feature also. 
Then that coupon was also taken off and put into the finish box, and 
found its way to the cost room within an hour. The third coupon 
showed that the piece must next go to be turned ready for grinding, 
and the time for that operation and any other necessary information 
was given. ‘The piece found its way automatically, from the time it 
left the cutting-off department to the time it arrived at the assembling 
room, merely because the man who did the trucking saw the next 
place to which it must go, carried out that operation himself, and 
did not require a foreman or a superintendent or anyone else to look 
after him. On the other hand, if there was an inspector in the depart- 
ment following the work he would inspect the work as it left the vari- 
ous departments, and forward the piece on for the next operation. 
He thought a little information on such matters would be, perhaps, 
of as much interest to the members of both Institutions as the ques- 
tion of high-speed steel. 


Dempster Smiru' said he wished to thank Mr. Brackenbury for 
his most interesting paper, in which he not only compared past 
practice with present, but gave them an idea of its trend and of some 
things yet to be accomplished in machine-tool design. He noticed 
with pleasure the recommendation that makers should be asked to 
guarantee the efficiency of their machines at various loads. That 
was a most important point, as the said measurements would reveal 
the principal capabilities of the machines. It went a step further 
than asking the makers to specify the cut the machine would take 
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DISCUSSION BY DEMPSTER SMITH 
on a certain diameter at a given speed. At presen’ the machine 
maker practically manufactured to his own specification, and, in the 
majority of cases, he did not know what cut his machine would take 
at the various speeds. The specification of a drilling machine, for 
example, usually stated that the machine would drill holes up to 
a certain diameter, but made no mention of the feed or speed 
while drilling the largest hole, and those were factors of equally 
great importance. The machine users were as much to blame for 
that state of affairs as the makers, since it was hardly to be expected 
that the latter would comply with conditions not stipulated. Should 
a certain efficiency or ratio of net work to be!t work be insisted upon, 
it would cause many designs of all gear drives at present in use to be 
greatly modified or withdrawn altogether. Many of those had 
efficiencies less than 80 per cent. Very little was known about the 
durability of those gears at high speeds, or what proportions the 
wheels must be to secure the most satisfactory results. As a con- 
sequence the efficiency of some present designs, after a few years’ 
running, might be quite different to that obtained when new. 

It was difficult to understand what the author intended to convey 
in Par. 8, but it would appear that he had not a very high opinion o 
experimental research. He said: ‘‘ Experiments made under ideal con- 
ditions are useful for some purposes, but useless as a guide to what 
is actually performed in the workshops.” Experiments were made 
under such conditions in order to determine the ideal capabilities of 
tools or machines. What was actually performed in the workshop 
altogether depended upon the equipment and management. Further 
he said: ‘There are so many variations in the actual conditions 
that . . . it is difficult to say what is the best rate to cut 
at;”’ and, continuing, he supplemented F. W. Taylor’s twelve variable 
elements'. It seemed that the subject was so involved as to be 
almost incapable of a solution. The twelve variables referred to 
were disputed by Dr. Nicolson and Mr. Adamson when Mr. Taylor 
presented his paper, and the conclusion from their remarks was 
that the cutting speed for roughing depended upon the quality of 
tool steel, cutting angle, shape of tool, the area of cut, quality of 
metal and was independent of the cross-section of the tool.  Al- 
though Mr. Taylor, in The Art of Cutting Metals, adopted a very 
complicated expression for the cutting speed, it was capable of 
much simplification without introducing any error. Dr. Nicolson 


‘Trans. Am.Soc.M.E., vol. 28, p. 31. 
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had stated that the cutting speed depended upon the area of cut, 
that is, the depth of cut multiplied by traverse, as a single variable, 
whereas Mr. Taylor maintained that the cutting speed depended | 
upon the depth of cut and traverse as independent variables. The 
reader of The Art of Cutting Metals would observe that all reference — 
to the cutting speed varying with cut and traverse as independent 
factors was made in three sets of experiments carried out in 1884 
with carbon steel tool. The variation in the cutting speed due to _ 
different depths of cuts was found by advancing the tool into 
the work in the ordinary way, the traverse being kept constant. 
To obtain the variation of speed with traverse, however, the traverse 
was kept constant, while the depth of cut and tool face were varied 
so that the shaving had a constant length but different thickness. 


TABLE 11 COMPARISON BETWEEN RATIOS 


Cutting speed, 


Depth of cut, tn. Cut Ratio 
ft. per min. 


Speed ratio Metal 


0.125 f 15.5 
0.375 } a { Medium steel 


h f 
Thickness o a Cutting speed, 


Speed rati Met; 
shaving, in. ft. per min. tal 


0.03 


0.01 - } 2.06-1 \ Medium steel 


Mean 18.9-1 


» 
» 
Hard steel 


This would be understocd from Fig. 22, which gave particulars of 
the tools and cuts taken in these cxperiments. 

As different metal was used in these experiments, a comparison 
was made between the ratios, with the results shown in Table 11. 
Notwithstanding the difference of 20 per cent between 2 and 3 Mr. 
Taylor took the mean of those, 1.8, to compare with 1, and con- 
cluded by dividing the thickness of shaving by 3, increased the 
cutting speed 1.8 times, while dividing the depth by 3 increased 
the speed 1.27 times. That was equal to a difference of 40 per cent 
(See Pars. 292 and 299, also Folder 16). It was clear that by altering 
the angle at the tool nose, the path of the shaving had also been 
altered, and with it the true cutting angle. It had been shown by Dr. 
Nicolson in Experiments with a Lathe Tool Dynamometer,' read 

' Proc. I. Mech. E., 1904, Pt. 3, p. 883. 
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before the joint meeting at Chicago in 1904, that the cutting speed — 
varied with the cutting angle. In the light of that evidence they 
could only conclude that the result obtained by Mr. Taylor for 
variation of speed with traverse, was actually due to a combined ~ 
_ effect of shaving thickness and cutting angle. 

Further, it was shown by Dr. Nicolson that the character of failure 
for a high-speed steel tool was quite different to that of a carbon steel, 
so that even admitting that the above results obtained by Mr. Taylor 


per min). Meo: Steer = q 7 260) 
Haro » TO 8-6 
4 > «008 
+008 
330| | 
10-4] 
oO! ~O 
VARIATION of Cuttinc DEPTH or Curt. 
CSA(sTPER MIN) 12:25 13-33. 


lia. Mr. F. W. Taytor’s Experiments. VARIATION OF Corrina 
WITH THICKNESS OF SHAVING 


were right for carbon steel, they were clearly inapplicable to high- 
peed steel, and that was supported by the fact that Mr. Taylor was 
nable to repeat the experiments with high-speed steel: ‘A similar 
cries of experiments was planned by us with high-speed steel, but 
owing to lack of time have not been carried far enough to record 
on paper.’”’ Nevertheless he (Mr. Taylor) advanced several sets of 
<periments in support of his contention—that the cutting speed was 
i dependently effected by the depth of cut and traverse. Ifthe results 
c:ven on Folders 8 and 11, and admitted by Mr. Taylor as the most 
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satisfactory series of trials on cast iron and steel were plotted on a 
base of area of cut and a contour line drawn through their mean, 
there would not be a difference of 5 per cent in the most extreme 


case. With the exception of one experiment the values given con- 
formed to 


6.5 
for steel e, 


11 


at forcastiron 


within 5 per cent. There was no evidence of a 40 per cent difference 
there. If his final equation for steel be taken 


bad 
Constant (1 - ) 
7(32r) 
2 0.8 (32r) 
48 is + 
32r 


= cutting speed in ft. per min. — 
= feed per revolution in in. 


depth of cut in in. 
radius of the tool nose 


For durability it has long been the practice inthis country when rough- 


-~ to use a round-nose tool of }-in. radius or more. Substituting — 
‘In the above equation r = } in., the equation becomes 


V = for D =x in. 
Constant X 0.928 


= or D = in. 


Taking the mean index of D and for all practical purpos s, we have 


where a is the area of cut, that is F X D. The differences in the ? 
above equations could not be determined experimentally. Similarly — 
this equation for cast iron can be written 
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pression given by Dr. Nicolson, namely 


when allowance is made for the tool steel used 


WALTER CarTER,' while agreeing with Mr. Brackenbury in much 
that was given in the paper, differed from him in the manner of the 
division of the high-speed steels. The divisions mentioned were, 
he suggested, due to the difference of quality and cost. The steel 
classed as C would do anything that those steels of classes A and B 
were capable of doing; in fact, would do considerably more, and could 
be used further, and to advantage, if the user were prepared to pay 
a higher price. He did not think it necessary for three classes of steels 
to be used in a workshop in order to arrive at the best results. 

Mr. Brackenbury had stated that less horsepower was required 
to remove a pound of metal at high speeds than at low speeds, and 
added that this was true only to a certain point. Would he kindly 
state at what point such economy ceased. From the speaker’s per- 
sonal experience, he could confirm that considerable economy resulted 
from the use of high-speed steel,even when the speeds used were not 
high, owing to the tools cutting for a much longer time without 
requiring grinding. 

As regards the grinding of tools, he could not entirely support the 
author, as he thought it was not entirely advantageous to prohibit 
workmen from occasionally grinding the tools they used. In many 
cases the tools required but touching up, andsuch could be done by the 
workmen at less cost than by sending the tool to the grinding shop. 
The tools were, of course, always prepared by the grinding operators 
in the first instance. He was in agreement with Mr. Brackenbury in 
not becoming slaves to so-called standard angles and shapes. A little 
discretion might reasonably be left to the foremen and workmen. 

\s regards the cutting angle of the tools used, he ha‘! found that 
a tool having a cutting angle of 65 deg. with a 5-deg. clearance gave 
very satisfactory results, for cutting either steel or cast iron. Refer- 
rine to the form of the tool, he suggested that the round-nose form 
was inefficient, and used only because of the ease of maintenance. 

here could be no doubt that a tool having a straight-line cutting 
edge was much more satisfactory. In the case of the round-nosed 
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tool, a section taken through the tool in a vertical plane slightly 
behind the tip would show the top of the tool to approximate a 
straight line, whereas the tool actually cut a chip corresponding to the 
curved form of the cutting edge. This curved chip impinged on the 
somewhat straight top face of the tool, and a certain amount of 
pressure was naturally required to make this curved shape conform 
to the straight face on the top of the tool. In the case of a tool having 
a straight line for the cutting edge,the chip came off straight and with- 
out change of form, and therefore required less force than a chip 
made with a round-nosed tool. That, the speaker considered, was one 


es = 
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Fie. 23) Action or Cure wits Toots Havina Curvep AND Straiaat Cur- 
TING EpGEs 


of the reasons for the improved results obtained with turning axles, 
mentioned by Mr. Brackenbury. Figs. 23 would illustrate this point. 
He thought the comparison of tests under the heading of Economy 
in Power did not give sufficient detail, and therefore might 
become a little misleading. He assumed that the tests made at the 
works of Messrs. Alfred Herbert—certainly very fine tests—were 
made with the cutting tool lubricated, whereas the tests made at the 
Manchester School of Technology were made without lubrication, 
and the advantages of lubrication would be well understood. 
References have been made to performances of twist drills and dri!!- 
ing machines. He therefore might be permitted to mention an in- 
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stance of a test made in a works at Birmingham in a machine which 
was possibly one of the most powerful yet constructe |. The drill 
used was 2:5 in. in diameter, drilling a steel block 33 in. deep. The 
block was fairly hard, containing 0.35 per cent carbon and 0.65 per 
cent manganese. The drill was run at 127 r.p.m., feeding at the rate 
of 3 in. per min., and 6 holes were drilled without difficulty, the 
twist drill itself scarcely getting warm. 

He was entirely with Mr. Brackenbury, that full advantage was 
not even yet taken of high-speed steel, but at the same time he 
expressed disappointment that practically no mention was made in 
the paper of the newer and improved high-speed steels, or of what could 
be done with machine tools when using them. As an instance of the 
great superiority these steels possessed over the ordinary hizh-speed 
steels, he mentioned a test made between twist drills of the same 
maker, one being of ordinary high-speed steel and the other of the new 
high-speed steel. A t:st was made with }§-in. diameter drills, drill- 
ing a hard cast iron block 3 in. Ceep at a feed of 5 in. per min., 
the drills making 333 r.p.m. The ordinary high-speed drills required 
grinding after drilling 4 holes, whereas the twist drills of the new 
high-speed steel drilled 23 holes before requiring grinding. It would 
seem, then, that much greater advantages were to be secured than were 
indicated in Mr. Brackenbury’s paper. 

As another instance of what could be effected by using really modern 
steel, a cast-iron face plate of 42-in. diameter, with the usual slots 
and holes in the face, was machined all over (taking the scale in 14 
iin.) The cutting speed was 100 ft. per min., the depth of cut ¥ 
in., and the feed } in. per revolution, the lathe being fitted with driv- 
ing apparatus designed to maintain a constant cutting speed. There 
is another case of a tool in which improvements had been made 
«most equal to the improvement in high-speed steel itself, and of 

sich Mr. Brackenbury had made no mention. The particular tools 

‘speaker had in mind were files. Usually very little attention was 
pid to the purchase and selection of files, which he (Mr. Carter) 
v itured to say was quite a mistake, as files were now obtainable 


wich would cut twice as quickly as ordinary files, and at the same 
ti: ec would last from three to four times longer. No doubt Mr. Brack- 
er vury had had experience of such files, and his remarks would be ap- 
plated. To remove any misconceptions, he might say that he did 
no refer to what were known as milling files, but to files apparently 
ci in the usual Sheffield manner, but made of greatly improved 
al. special steels. : 
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In Table 5 the author had given some cutting speeds, it being 
‘stated that old hard railway tires were cut at 45 ft. per min. 
with g-in. depth of cut, and 6 cuts per in.; it was further stated that 
two tools finished 10 pairs of tires. Mr. Carter would have been glad 
to hear the views of the railway engineers in regard to this, as the 
results were certainly in excess of what was usually obtained. At the 
same time he might remark that steel capable of giving such results 
should show to greater advantage in cutting cast iron than 70 ft. 
per min., 4-in. depth of cut, and 8 cuts per in. He ventured to state 
that these two results were scarcely consistent. 

Mr. Lodge had remarked that the time which could be saved 
by,roughing was limited, and in some cases not more than one- 
fourth, and indicated that economies could be effected by having 
machine tools so designed that changes could be effected with a mini- 
mum loss of time. He, the speaker, ventured to add that economies 
might also be achieved in another way, and that was in the grinding 
and preparation of the cutting tools. If there must be a correct 
cutting speed for the metals which were to be cut, there must also, he 
thought, be a correct cutting speed for the tools to be ground. If such 
were the case, efforts should be made towards running the grinding 
wheels and stones accordingly, whereas in many shops little or no 
attention seemed to be paid to this matter; stones were often run at 
the wrong speeds, sometimes too fast, sometimes too slow. They were 
not always true, while they were often of the wrong grit, and furnished 
only with a very defective water supply, consequently grinding the 
tools often took twice the length of time that would be consumed if 
proper appliances were installed, and those applicances maintained in 
an efficient condition. 

In conclusion, the speaker would express his pleasure at the mention 
in the paper of the name of Mr. J. M. Gledhill, who had done so much 
to develop and extend the use of high-speed steel in this country. 


FREDERICK W. Tay.or! said the game of poker was played in Amer- 
ica, and he was strongly reminded of poker playing in listening to some 
of the best American papers that had been presented to the meeting. 
He did not wish to detract in the slightest degree from the value of 
high-speed steel, but for the benefit of the younger men who were 
likely to read the American papers he suggested that in their practice 
they should discount the figures that had been given—cut them in two, 
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or divide them by three, or something of that sort. What was said 
in these papers was strictly true. It was natural, however, to wish 
to put one’s best foot foremost, and it was best in practice not to 
attempt to do the very maximum. The proceedings of the American 
Society had been burdened to such an extent with what he had said 
on the subject of high-speed steel and similar topics, that he felt it 
would be improper for him to make any further remarks on that point. 
He welcomed the opportunity, however, of speaking upon the far 
broader subject of which the art of cutting metals and the proper 
use of machine tools was but one of the small elements, namely, the 
great opportunity, as well as the duty, which lay before them as engi- 
neers of taking such steps as would, during the next few years, result 
in a@ very material increase in the output of every man and every 
machine in their manufacturing establishments. The importance of 
obtaining that increase of output was that, in his mind, it presented 
the only opportunity open to them, measurably speaking, of settling 
the great labor problem which faced both of their countries. He said 
without hesitation that in the average establishments in America, 
not in all the establishments, it was possible to double the output of 
the men and the machines just as they stood now, and he believed the 
same was true throughout this country. It gave them the oppor- 
tunity at the same time to give the men what they most wanted, 
higher wages, shorter hours, better working conditions; and, on the 
other hand, to give the companies what they most needed, a lower 
labor cost, so that they might be able more successfully to compete at 
home and abroad. 

The problem of increasing the productive capacity of their men 
divided itself naturally and readily into two sections, on the first of 
which he wished to say a few words, and on the second of which he 
would like to speak at rather greater length. The first duty which 
lay before them as engineers was that of counteracting and overcom- 
ing the blighting fallacy which rested upon every one of their workmen, 
and which was paralyzing their energies, that it was to the best inter- 
ests of the workmen to go slow instead of going fast, to do as little as 
possible for the money they were getting instead of as much as possi- 
bi There was hardly a labor union in either of the countries which 

not already enacted restrictive legislation upon these principles. 
And every workman, from the time that he started to serve his appren- 
tic. ship, was deliberately taught by the men who were older than him- 
se! that it'was to his best interests to soldier, as Americans call it, or 
to »ang it out, as Englishmen called it, instead of going fast. He did 
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not propose to say anything more on that subject except to ask the 
followin z question: What were they, as engineers, who understood the 
evils of soldiering, who understood the extent to which their men were 
underworking, and who understood that that must inevitably mean 
low wages in the long run for their men, a higher cost of living for 
the men, and diminished prosperity for the whole community—what 
were they, as engineers, doing to counteract that fallacy? 

It was on the second element that he wished to speak more partic- 
ularly, namely, the possibility which existed, which Mr. Lodge and 
one or two other speakers had referred to, of increasing the output of 
their working men through deliberate scientific study of the motions 
of men, followed by a time study of their motions. The extent to 
which this ou pu. might be increased could be appreciated only by 
those who had made such a study, or who had seen it made, and 
he did not expect anyone to rest satisfied on that point by a mere 
assertion made by a speaker. With the permission of the meeting, 
he would like to give one simple illustration of the possibility of ‘n- 
creasi: g the productivity of men by this scientific motion study ; and he 
predicted that during the next fifty years a very considerable part of 
the time of engineers would be spent in the minute motion study of 
every man in every trade. The effect of it was enormous. The illus- 
tration he wished to give was purposely taken from another field than 
that of machine tool practice, for the reason that he wished to give 
an exceedingly elementary illustration, and it was only one of thou- 
sands of similar illustrations which might be given. Motion study had 
been going on in the United States for more than thirty years in in- 
creasing volume, and invariably with the same result, namely, an 
enormous increase in the productivity of man if it was properly 
carried out. 

Bricklaying was, perhaps, the oldest of the mechanic arts that were 
now practiced. Two thousand years before Christ bricks were laid 
as they were now laid. The same kind of brick, the same kind of 
mortar, the same kind of trowel, and the same kind of scaffold were 
now used as at that period. If any trade had reached a point at whic!) 
motion study would be non-productive, one would therefore expec! 
to find the bricklaying trade in that condition, because 4000 years o/ 
work, with thousands of men working throughout the world at the 
trade, should certainly have evolved a good system of bricklaying 
Some four years ago Frank B. Gilbreth, who was present at the meet- 
ing, became interested in motion study. During his youth, Mr 
Gilbreth made a very close and accurate study of bricklaying, and |). 
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therefore said to himself that if there was anything in the new idea 
of motion study it ought to be as useful in bricklaying as in any- 
thing else. 

He (Mr. Taylor) would briefly go through the study which Mr. 
Gilbreth made. He found himself standing on a scaffold with a pile 
of bricks on the floor and the mortar board alongside him, a brick 
wall being built on the left. The first motion made by a bricklayer 
was to take a step to the right. Was that step necessary? He would 
show later on that the step was not necessary. Next, aftertaking 
the step to the right, the bricklayer stooped down to the floor, dis- 
engaged a brick from the pile of bricks, and raised his body up again, 
either to full height or to partial height. Was it necessary for the 
bricklayer to lower a 240-lb. weight to the floor in order to raise 
an 8-lb. brick 23 ft.? Mr. Gilbreth, after a great deal of work, 
devised a scaffold on which the bricks were placed at the same level 
with the wall, and kept at the same level at all times with the wall. 
It was a scaffold on which the man stood in one place, while a little 

table was placed alongside him on which the bricks and mortar rested. 
‘That was a very simple invention, but why was it not done 4000 years 
ago, or why had it not been done in the meantime? Because no one 
Pei made a scientific motion study of the bricklayer. The bricks were 

_ placed on this supplementary platform at just the right height, so 
- that the bricklayer merely turned round, picked up a brick with a 
rotary motion of the body and put it on the wall. Mr. Gilbreth then 
tound that every bricklayer, as he raised the brick, threw it over 
in his hand at least once, sometimes twice, sometimes three times. 
‘That was done for the purpose of examining whether the brick was 
sound and not chipped; he would not put a brick with a chip out of it 
on the outside of the wall where it showed. He therefore threw up 

_ ‘he brick from habit, apparently just for the fun of it; he threw 
up a second time to look at the edges, and sometimes a third time 
fore he laid it on the wall. Mr. Gilbreth said, Was that necessary? 

od after a great deal of thought he devised the following plan for 
\uing away with all of these motions. As the bricks were unloaded 
ym the car or from the team, a laborer was stationed at a suitable 
ach, where the bricks were examined by him, and placed right side © 

, With the proper edge and the proper end on a wooden frame about 

‘ee feet long; this frame held about ninety pounds of bricks, and was © 

constructed that the bricklayer’s hand went right into it and seized © 

brick without having to disengage it from the tangle on the floor. 
‘.. took the brick out in the exact position in which it was to be laid _ 
io ‘he wall, without any throwing and without any change of position. 
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Mr. _ next found that the bricklayer worked with one hand 
only at atime. Why? Because the brick pile being on the floor and 
the mortar board some distance from it, they were too far apart for 
the man to take a dip of the mortar and pick up a brick at the same 
time; it took two motions. By building the scaffold in the way he 
had described, and by placing the bricks and the mortar close to- 
gether, using a deep mortar box instead of a mortar board, brick pile 
and mortar box were brought within the range of the bricklayer’s 
two eyes at the same time, so that he picked up a brick with the left 
hand, took a dip of mortar with the righ hand with a single movement 
as far as time was concerned, then turned around, spread the mortar, 
and laid the brick in'the wall. The step which was first taken by the 
bricklayer had been abolished, by reason of the fact that Mr. Gilbreth 
had studied in great detail the exact position which the feet of the work- 
man should occupy with relation to the wall on the left and the brick 
and mortar on the right, in order to reach his brick pile and mortar 
with the greatest ease in the several different kinds of bricklaying. 
The workman, if he had his feet in the proper position, could move 
from one to the other without a step. The scaffold had been made 
adjustable, so that a cheap workman was able to walk all day long 
round the building and adjust the scaffold with the workmen on it to 
its new height, keeping the wall and the bricks and the workman at 
all times at the proper height as they went along. ;The workman did 
not have to stop while the scaffold was adjusted. * Mr. Gilbreth also 
found that all bricklayers, after they set the brick, tapped it down 
in order to get the joint the right thickness. From his experience in 
his youth Mr. Gilbreth knew that if the mortar was properly tempered 
it was possible to take the brick and press it with the hand to the right 
height. The mortar was therefore carefully tempered, so that the 
bricklayer could readily press the brick to the right height and thus 
save the time taken in tapping. 

He desired to summarize what had been done, because it was typica. 
of what could be accomplished in every trade, without exception. H: 
did not say that as much as this could be accomplished in all cases, 
and yet it was typical of what could be done through motion an 
time study in every trade, provided sufficient attention was given 1. 
the subject. He believed it was three years before Mr. Gilbret’: 
finally completed his motion study, and obtained the full bene! 
from it, so that the motions of the bricklayer were reduced from eig!'- 
teen to five, and in one case from eighteen to two. The reductic: 


of the motions from eighteen to five or two would practically amount, 
as the members would easily realize, to nothing, provided the men’s 
unions said nay, and the unions always did say nay. But Mr. Gil- 


breth, who happened to be an optimist as well as a man of great per- 
_tinacity, bided his time, and finally he had his opportunity with the © 
Bricklayers’ Union of Boston. He showed the leaders of the union — 
that bricklaying in America was likely to become a lost art, because 
reinforced concrete construction was growing at such a pace, and he 
persuaded the leaders of the union to give him a chance to show what 
he could do, if he was not thwarted. Mr. Gilbreth was erecting a 
large building in the neighborhood of Boston, and he told the brick- 
layers, in the first place, that he would not employ any of them at 
less than $6.50 a day, the ruling price in Boston being then $4.50 
a day. That was a very satisfactory proposition to the workmen; 
but he also stipulated that any bricklayer who did not do exactly 
what he was told would be promptly discharged. By the time a 
building was from a quarter to half-way up he had a full comple- 
ment of bricklayers laying bricks according to the new method, and 
each of them getting $6.50 a day. On a 12-in. wall, with drawn 
joints on both sides, using two kinds of bricks, which all practical 
men would know was not an easy wall to lay, the average was on 
bricks per man per hour, the record number of bricks which had been 
laid per man per hour in this type of work previous to the adoption | 
of the new system being 120 bricks. 
He desired to call attention to one other element, which was really 
the vital element involved in the new system. The bricklayers who 
_ were employed were not left to their own devices; they were not told, 
We will give you big wages; you go and lay the bricks fast; you know 
how the work should be done. They were told, We will pay you big 
wages if you will do exactly what we tell you to do, and if you do it 
fast. Mr. Gilbreth further did the only thing which was capable of 
bringing success in bricklaying. He had no doubt that, in thelast 4000 
years, many bricklayers had thought of practically everything that Mr. 
Gilbreth thought of, but not one of them was capable of practicing 
it without the codperation of the master bricklayer or of the contrac- 
tor who employed them. No group of bricklayers even could practice 
the new method without the aid of the man who was over them. It 
required coéperation between the management and the men to 
accomplish the new results, because, in the first place, the workmen 
unaided were incapable of eliminating those bricklayers who would 
not conform to the new rules; and since in bricklaying two or three 


incompetent or slow men could hold back and limit the quantity of 
work done by, say, twenty or thirty others, it was absolutely necessary 
that these incompetents should be discharged. The only person who 
could eliminate them was the owner or the person in charge of the work. 
In the second place, the practice of Mr. Gilbreth’s new method called 
for a new type of scaffold and mortar-box and other simple apparatus, 
such as the wooden frames upon which the bricks were systematically 
piled; and, simple as this apparatus was, it could only be supplied by 
the master, not by the workmen. Thus it became clear that the new 
or scientific method called for deliberate coéperation between the work- 
men and those over them, as well as for painstaking, thoughtful 
motion and time study, which should be made by those in the manage- 
ment, and which, in fact, was, in most cases, entirely beyond the 
ability and training of the workman. 


Frank B. GILBRetTH,' who was called upon by the president, 
said that he had nothing to add to the remarks of Mr. Taylor. 


Joun A. F. AspiNnatu,? before calling upon Mr. Brackenbury to 
reply, said he would have liked to ask more speakers to make remarks 
upon the paper, as he knew there were a number who desired to do so, 
but as they had been good enough to prepare their notes he asked 


them to send them in to the secretary, in order that they might be 
published in the Proceedings. = 


DaNIEL ApaAmson*® wrote that Mr. Brackenbury referred to 


the advantage that would accrue to purchasers if machine-tool 
builders would give the total efficiency of the lathe and motor at vari- 
ous speeds and loads; and there was no doubt that this most important 
feature was practically ignored. A reference to Figs. 5 and 6 
seemed to prove the necessity for some such stipulation, when 
purchasing new machines, assuming the pressure of the chip on the 
tool as 100 tons per sq. in., the net output at the cutting speed of 18 ft. 
per min. referred to by the author was only about 33 per cent 
of the electrical horsepower and even at 33 ft. per min. under 60 per 
cent. Consideration of this feature seemed to throw some doubt 
upon the suitability of the method adopted in Table 7 of stat- 
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‘ing the power delivered by the belt to the machine, because while it 
was evident that more power could be transmitted by the belt at the 
highest speeds than at the lowest, the loss in the gearing would be a 
variable quantity, and consequently Table 7 gave no indication of the © 
pressure to be expected at the tool. 

It would considerably enhance the value of Table 7 if the author 
would give the ratio of back gear on these lathes and the range of 
spindle speeds for each, and also the number of int rmediate steps 
on the cones, so that some estimates could be made of the torque 
available at the spindle at different speeds of revolution, as suggested 
-by Dr. Nicolson in his book on Lathe Design; also referred to in Pro- 
fessor Rautenstrauch’s recent paper before The American Society of 

Mechanical Engineers. 


While discussing this matter of efficiency of machine tools (con- 
_ sidered as mechanism for transmission of power), he would like to refer 
to Mr. Brackenbury’s paper where a certain lathe was said to 
have consumed upwards of 80 h.p. There was no information about 
the quality of the steel being cut, but a reasonable assumption would 
vive a net output of work at the tool point of about 70 h.p., thus 
indicating a very high efficiency of transmission, so high in fact as 
to throw doubt upon the figures given. Perhaps the author would clear 
up this in his reply. 

Referring now to the more commercial side of the question, as 
outlined by the author he (Mr. Adamson) must frankly confess 
that he did not understand Fig. 4 or the explanation(Table 2), or even 
the line of thought upon which the author had based his illustration. 
It was very evident that for a machine which cost £1000, the charge 
of Ls. per hr. suggested by the author did not include many items of 
expense which must be taken into consideration, when making a com- 
parison between different machines. 

To refer to more detailed matters, he thought that the author ought 
‘o furnish further information regarding the cast-iron wormwheel 
which he mentioned 4s having been almost entirely worn away in 
i.few days. If the author would mention the power transmitted 
rv the load on the teeth and the speed of rubbing, also the pitch 
nd other usual details, the information would be most useful to de-- 


oitch of the screw in the back center of the lathe referred to in Fig. 
‘0. Without this information the length of the lever or the pull 


at the end was useless. 
‘The Journal Am.Soc.M.E., June 1910, p. 1011. 7 
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Table 4 seemed to the writer to be incomplete without some 
information as to the life of the drills made from Class A steels 
under the conditions named, while Table 5 would be very much 
improved if a statement of the power required in each of the tests 
were added. The author referred (Par. 46) to the weakness of old 
jib-drilling machines, and it might be of interest to the members if 

—_ he mentioned that his firm had been very successful in their own works 
in improving old jib-drilling machines by putting on entirely new 
saddles, because, as the author stated, the arrangement for feeding 
and withdrawing the spindle was generally the most unsatisfactory 
feature of such old machines. He hoped that the author would see 
his way to furnish the additional information asked for, and thus 
make his paper more valuable as a work of reference for purchasers 

and designers of machines for the use of high-speed steel tools. 


GrorcGE Appy' wrote that on reading Mr. Brackenbury’s paper, he 
had been greatly struck by the amount of valuable data given to all 
those who were interested in machine tools. One admirable feature 
to be commended was that the author had avoided the temptation 
to exaggerate where he remarked that he had known a case 


In the writer’s own experience he had met with high-speed 

steel which would run seven or eight days without grinding. The 
- author seemed disposed to recommend high-speed steel for all pur- 
poses; with this he (Mr. Addy) could not agree, for admitting 


use nothing else but high-speed steel. In the average engineer’s 
_ workshop, there were many operations, which, owing to the shape of 
the article to be turned, did not admit of being shaped at high speeds, 
as for instance, when there were many necks and collars on forgings. 
_ His own impression was, that it was the best plan to have certainly 
not more than 50 per cent of the total steel tool used made of high- 
speed steel, the other 50 per cent being ordinary carbon steel at a 
price not exceeding 6d. per lb. as compared with the latest high-speed 
steel costing approximately 3s. per lb. 
He was glad to see that Mr. Brackenbury had drawn attention to 
the mistake which was sometimes made of scrapping heavy substan- 
tial lathes because the driving power was insufficient, when by sub- 


*M.I.Mech.E., Waverley Works, Sheffield, Eng. 
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stituting new high-speed fast headstocks, these old lathes could be 
easily turned into most valuable high-speed lathes. The writer did not 
think this aspect of the case had had the consideration paid to it 
which it deserved, for soon after the introduction of high-speed steel 
he was strongly impressed with the necessity of bringing old lathes up 
to date by substituting a new high-speed fast headstock for the old_ 
fast headstock which was deficient in driving power, and the results | 
had been eminently satisfactory. The principal thing to be aimed at_ 
in a new high-speed fast headstock was to have plenty of belt power, 
and so to arrange the gearing that with a countershaft running at the 
normal speed one obtained a very high spindle speed. He quite 
agreed with Mr. Brackenbury about the importance of having a very 


strong steel spindle with a very large front bearing, and the dimensions — 


which the writer had adopted were approximately those given in 
Par. 34. He found it better in all cases when running on the slowest 
speed to have a pinion running into a face-plate wheel; by this means 


torsion of the spindle was avoided. - 


It was in 1905 that the writer began to produce these improved. 
high-speed fast headstocks, and it was in 1905 that he converted three — 
lathes by the substitution of high-speed fast headstocks, for a firm 
in the Midlands (Fig 24). The difference made by these three — 
stocks in that particular machine shop was startling, for the manager 
stated that before the conversion of these lathes, the crane had com- 
fortably served all the lathes in that machine shop, but after these 
conversions had been effected it was found that it was necessary to get 
another crane to avoid the lathes being kept standing for want of work, 
as it had been found possible to exactly double the output; two of. 
the headstocks had 16-in. centers. and the third one was of somewhat 
massive construction, being of 24-in. center and weighing 63 tons. 

As it might be of interest to have particulars of the method adopted 
and the dimensiors of the various parts, the writer furnished them 
herewith. With high-speed improved fast headstocks, it was usual 
to supply a countershaft with two sets of pulleys of different diame- 
ters, so that with a 4-speed cone and the changes of gearing effected by 
the handles shown in front of fast headstock. 24 spindle speeds could: 
be obtained, namely, revolutions per minute, 3}, 5. 53, 73, 84, 93, 11, 
114, 14}, 17, 184, 252, 273, 323, 38, 453, 483, 68, 733, 1013, 110, 129, 
152, and 194, the object being to supply a headstock, on which the — 
minimum cutting speed was over 40 ft. per mn. In this way the ten- 
dency on the part of some workmen to run at low speed was success- 
fully combated, as it was well known that many powerful machines 
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which were provided with slow gears were on that account never 
worked up to their full capacity. 


ALEXANDER Tayuor.' Roughing and Finishing Motor Shafts. 
American railway shafts, after being cut off and centered, are handled 
in three machines, namely, a roughing lathe, a spotting lathe, and a 
grinder. As the rough turning is worked under the bonus system, 
considerable trouble is experienced in keeping the stock allowance 
for grinding down to a minimum. As the operation of turning is 
termed roughing, the operator, knowing that a finishing operation 
is to follow, plays safe and at the same time works for speed by leav- 
ing considerably more stock for grinding than is necessary. By 
calipering various shafts in the factory, say from 1 in. to 4 in. in 
diameter, it was found that the stock left to be ground was from 0.1 
in. to 0.042 in. As the shafts are turned with a very coarse feed, one 
cut generally being taken, it is evident that more stock is required 
than if a fine feed were used. His firm has made several vigorous 
attempts to hold the stock allowance to a minimum, but always to 
their regret, because when the shafts reached the grinder quite a 
number were found where tool marks could not be ground out and 
the shafts had to be discarded. 

The grinding of shafts is also worked under the bonus system, and 
there again trouble has been experienced in setting limits because 
the stock allowance varies so much. In trying to eliminate this 
trouble his company has lately installed lathes for roughing and spot- 
ting shafts in the same machine, thus saving the operation of taking 
shafts to another machine for spotting. These lathes are provided 
with two tool posts, one in front forroughing, and one in back for spot- 
ting, and the carriage is provided with diameter and length stops. 
Ifand wheels are not pinned or keyed, but are set so that the friction 
wll ensure uniform contact with stops, thus eliminating variations in 
diameter, which are caused by errors in calipering. This takes the 
work of calipering and measuring out of the operator’s hands alto- 
ge‘her. When the machine is once set, it will turn out duplicate 
work, thus requiring a less experienced man. The machine is run at 
a cutting speed of about 100 ft. per min. on axle steel with a s'o-in. 
fecd. By use of this fine feed, less stock can be allowed for grinding. 
As the shafts are smoother and more uniform and have less stock 
to be removed, the saving on grinding will average 25 per cent. 
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The saving on abrasive wheels is also considerable. On smaller 
shafts a large saving can be shown on the rough turning as shown by 


Table 12. 


_-— - 


3 3%: he 3%: 3% 


Rough Finish” 


\ 


Fie. 25, 26, 27 Rarway Moror SHaFts AND COMMUTATOR SPIDER 


Table 12 shows the actual time required for finishing one of his 
company’s railway motor-shafts (Fig. 25) by the new method, as 
compared with the old method, where they used a cutting speed of 
about 35 ft. and ,',-in. feed. The roughing and spotting time is very 
nearly the same in either case, the saving being in the grinding. 


7 
7 TABLE 12 TIME FINISHING RAILWAY MOTOR SHAFT 


NEW METHOD 


Rough, turn, spot and thread 
Grind body 


OLD METHOD 


Table 13 shows the result of a test made on ten shafts (Fig. 26) ina 
special engine lathe, as compared with the time required on a turret 
lathe. The engine lathe was equipped with diameter and leng‘!i 
Van 
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Operation _ Average Time Each 
hr. min. 
0 30 
1 20 
ee 0 25 
7 te Spot and t 0 23 
; Grind bod 0 45 
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stops, shafts were cut off and run between c oe rs an turning was 
done at a speed of 330 r.p.m., with a feed of ,', in. When the shafts 
are turned in a turret lathe, they are cut from bar stock, and as the 
bar projects over the end of the machine, the speed weed on the 
“engine lathe is not permissible. 


TABLE 13 TIME TEST ON SPECIAL ENGINE LATHE AND TURRET LATHE 


SPECIAL ENGINE LATHE 


Operation Average Time Each 


min. sec. 
Cut-off (cutting-off machine) ; 3 0 
Center, rough turn and spot short end ........... 3 18 
Center, rough turn and spot long end 


TURRET LATHE 


Operation Average Time Each 


- Center, rough turn, long end and cut-off. 
Center, rough turn, short end and cut-off 
Spot for grinder (engine-lathe with special fixture) 


Multi-cutting on Small Boring Mills. The use of two or more 
tools working in different places on the same piece of work at the 
same time has been universally demonstrated on turret lathes, screw 

_ machines, large boring mills, etc., but not to such a great extent on 
small boring mills, say, under 40 in. By adopting small boring mills 
r vertical turret lathes with side heads. considerable reductions in 
ost have been made on such parts as spiders, commutator bushings, 
cte. The latest example is on a cast-steel commutator spider as 
nown in Fig. 27. This job is machined on a 36-in. vertical turret 

ithe having turret tool holders on both main and side heads, and a 

‘per attachment on side head for turning a taper on the largest 

meter. 

Both heads are used continuously throughout the entire machin- 

.z operation, the 30-deg. dovetail isroughed and finished with formed 

ls, the angles on the parts marked rough finish are turned by shift- 

‘ the main head to the proper stops. In order to obtain a high cut- 
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ting speed, a steady flow of soda water is played on the tools when 
cutting, the table being arranged to drain water without splashing. 

Two settings are required to complete this spider. On the first set- 
ting the spider is gripped by the flange on the largest diameter, and 
the inside bore and the outside are finished accurately to gage. For 
the second operation, the spider is turned round, clamped in a pot 
chuck, and finished complete. 


hr. min. 
Time of first operation l 25 


Time of second operation................ 1 0 


This work was formerly done on a 42-in. mill, with a single head. 


min, 
Time first operation 
Time second operation 


Total 


“Va An 


Fic. 28 Dovetat. SLors 


oe!) Got & 


Milling with Formed Cutters. In general, the progress made on 
speeding up formed milling cutters, especially T-slot and dovetail 
cutters, has been somewhat slow, probably due to the high cost of | 
cutters. The Westinghouse Company’s large cast-iron spiders are 
slotted on a portable drilling and milling machine. A straight slot 
is first milled in the casting as shown in Fig. 28. A dovetail cutter 
is then run through. This cutter is made from high-speed stee! 
and run at 76 r.p.m. with a feed of 3§ in. per min. and a cutting 
speed of 40 [t. per min. This feed and speed was maintained i) 
cutting forty-eight slots 34 in. long, and the cutter was still in goou 
condition. 
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Dise Grinding versus Milling. They have found that a consider- 
able saving can be effected by the use of disc grinders on surfaces 
- that were formerly milled, but this method is limited to flat surfaces, 
Q * the saving depends largely on the size and shape of the work. 
: On drop forgings or steel castings which have flat surfaces to be 
‘machined, they have often found the metal chilled and almost impos- 
sible to mill. Work of this kind is being ground by dise grinders 
_ with great economy, thus eliminating the trouble experienced in 
milling. Grinding also avoids the spring in castings caused by chuck- 
ing or clamping for milling. 

Table 14 shows the actual time required to mill, as compared 
with that required on dise grinders. The saving would appear 
greater if figures were given in dollars and cents, as operators 
on dise grinders are paid 16 cents to 18 cents per hr., compared with 


milling machine hands at 20 cents to 24 cents. 


TABLE 14 COMPARATIVE TIME REQUIRED FOR MILLING AND GRINDING 


Part Operation | Milling Grinding 
min. min. 
‘Brass guide blocks...................... Te Machine top and bottom 3 14 
I. plate... | Machine base 10 2 
Carbon holder.............. Machine sides 3 1} 
‘rush holder guide block brass —....... Machine top and bottom 2h 1} 


Grinding Dies and Punches on Vertical Surface Grinders. Con- 
‘erable saving has been effected by grinding small dies and punches 
i vertical surface grinders with cup-shaped wheels. This work was 
rmerly done on grinders with horizontal spindles. On small dies 
ith surfaces up to about 3 in. by 6 in., the saving in time is about 
» per cent, and on large dies up to the capacity of the machine, the 
ving is about 50 per cent. The cost of wheels per month for the 
‘tical grinder is about five times that of the horizontal grinder, 
it since the vertical grinder turns out from 50 to 75 per cent more 
rk, the wheel cost per die is very little more. 

Continuous Milling. In milling operations considerable time is | 
-t in chucking or clamping work, especially on small work where — 
often takes as iong as the milling operation. As the machine is 
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idle when the operator is chucking work, and vice versa, the efliciency | 
of both operator and machine is reduced. To overcome this diffi- 
culty one man used to run two machines, increasing the efficiency of - 
the workman; but this cut down the output per machine, as — 
very seldom allowed the operator to set up work in one machine while - 
the other was in operation, and not have either of the machines | 
entirely idle. 

It is possible to obtain the highest efficiency from both operator 
and machine only while the workman is chucking another piece in| 
in the case where the work or the castings are of such size and shape— 
that a circular milling attachment can be used, or where a machine — 
with a reciprocating fixture is employed. When used effectively, 
this comes very near to a continuous milling operation. 

The Westinghouse Company is using a vertical machine witha circu-_ 
lar attachment for milling sad-iron bases. Thiscircular attachment is. 
provided with ten independent chucks for clamping the castings, 
allowing the operator to take out the completed casting and replace 
it without interfering with the operation of the cutter. The cutter 
is 8 in. in diameter, with high-speed inserted blades running at a 
cutting speed of 42 ft. per min., and the work revolves so as to give 
a feed of 123 in. per min. This work was formerly done on two 
vertical milling machines with transverse feed, magnetic chuck, and 


high-speed cutters, one Operator running both machines. With the 

new machine the output has been doubled, and at the same time 

50 per cent in floor space has been saved. 


H. I. BrackreNBuRY wrote in further reply that his paper would 
not have been written in vain had it obtained no other results than 
to draw from Mr. Wicksteed his masterly comparison of the princi- 
ples of single or double-cutting boxes on planing machines which 
was worthy of the most careful consideration of all users and builders 
of planing machines. 

Mr. Dempster Smith had previously disputed the need for the 
twelve variable elements given by F. W. Taylor, and naturally 
resented the introduction of another and the most difficult of al 
these elements, namely, that of human endurance and energy, © 
matter which must be left to the tact of the shop manager or foreman. 
The author did not wish to intervene in a discussion raised so long 
ago between such eminent masters of experimental research as Mr. 
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Smith and Mr. Taylor; but he would like to state one difficulty — 
which he felt against accepting the theory of equal endurance for 
equal areas of cut of any form. 

In Fig. 29 the work is reduced 1 in. on the diameter. 


Then, ac- 
cording to Mr. Smith, 


the cutting speed was the same for equal 
endurance whether the shape of the cutting area was as A or A! 


if A = A’. If the depth of cut were reduced to } in., the area’ 


4 
became = and the cutting speed could be increased by 40 per cent 


by the formula V = -— Phis cut was taken by tool 7". 
Ay 


Place 
a similar tool 7° behind 7" to take the remaining } in. depth of cut, 
the area of the cut taken by the tools JT! and 7? was now equal to 
A, but the speed might still be kept up to 40 per cent above the orig- 
inal method. At what point of juxtaposition would the tools 7! 


DIAM, of WORK 


| 


TOOL T? 
be 


Fic. 29. Work Repvcep To 1 IN. ON THE DIAMETER 
and T? count as one tool and lose the important property of 40 per 
cent extra speed for equal endurance? If tool T were replaced by 
four tools, the cutting speed according to the above formula might 
he doubled to give the same period of endurance. 

The accuracy of the statement that to remove a thin wide chip 
required more power than to remove a thick narrow chip of the 
sume area, had also been called in question; if the reverse were the 
case, it was difficult to understand why so much more power was 
required to remove the thin chips of the milling cutter than the 
thicker chips from the lathe. It would therefore appear that Dr. 
Nicolson’s figures could only be an approximation of the truth within 
the scope of usual lathe practice. 

One example occurred to the author which would appeal to the 
ordinary shop engineer. A surface 4 in. wide had to be milled 
vy an end mill, the depth of cut being about $ in. The machine 
could not be persuaded to drive this cut at a travel of 2 in. per min.; 
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the milling cutter was replaced by a block carrying five round-nose 
tools, each tool taking a cut f-in. deep, and there was never any fur- 
ther difficulty in driving the cut. 

Mr. Carter had asked at what point the economy of removing 
material at high speeds ceased (p. 781); this point was reached when 
the machine was pressed beyond the amount the design and con- 
struction permitted without undue friction. Mr. Carter had for- 
warded a design of two tools with round noses, one with a straight 
side and the other with a curved side, Fig. 23. There was little doubt 
that everyone would agree that the straight-sided tool would absorh 
a little less power for the same area of cut. 

Mr. Carter raised the question of the effect of the lubrication of 
the cutting tool as regards the power absorbed. No doubt the 
tool would stand a higher cutting speed if a flow of lubricant were 
used, but it did not seem at all certain that at high speeds the use 
of lubricant would reduce the power absorbed. A considerable 
amount of power was required to bend the cutting on the face of 
the tool, and this bending power would be less for a very hot cutting 
than a cold cutting. Most engineers had noticed how the cuttings 
formed into small curls at a slow speed and how the diameter of 
these curls increased as the speed and temperature of the cutting 
increased, until the cutting seemed to be drawn off in almost straight 
pieces when it assumed a black color, and the face of the tool where 
the cutting impinged was a dull red. The author would be glad to 
have his attention drawn to any really conclusive experiments on 
the above question. 

Mr. Carter had stated that practically no mention was made of 
modern high-speed steel, and further that greater advantages should 
be claimed for this steel than those indicated in the paper. The 
author would reply that he had dealt with this steel under Class 
C (Par. 5), and that although individual cases might be given 
showing greater advantages than those indicated, he thought the 
figures given were correct for general purposes. Regarding Mr. 
Carter’s remarks on the importance of testing files, the author thor- 
oughly agreed. He had constructed a very simple machine for 
testing files which practically imitated the action of hand-filing and 
gave very uniform results; the latest files of the Sheffield type had 
given results both in rapidity of cutting and length of life great!) 
in advance of those tested a year or two ago. In several instances 
the results bore out Mr. Carter’s figures. Mr. Carter had drawn 
attention to economies which might be achieved in the grinding 
and preparation of cutting tools; the author of the paper though’ 7 


this was an important point, and one which should be carefully 
watched by shop managers. 

Mr. Adamson had asked for further particulars regarding Table 7. 
‘The information was as given in Table 15. The author regretted 
he could not supply the information regarding the loss of power 
in the gearing at various speeds. 


TABLE 15 SIZE OF LATHE 


36-in. 21-in. 14-in. 


Diameter of 
cone.... 20 25 16 21 124 154 

Steps in in- 
30 35 41 26 31 36 184 214 


1.56 tol 1.58 tol 

Gearratio. .. 5. 9tol 5 84 tol 
35 to 1 31.8tol 

136 to 1 117. 6tol 


With regard to the consumption of power for the 18-in. lathe, 
the material cut was medium forged steel; the machine was specially 
designed tor running at a high duty, and was shown to be very effi- 
cient. The following were particulars of a test which was carefully 
made on the same lathe: 


INGOT 
19} tons 
Breaking ..... oes .....45.2 tons 
Elongation. ... 174 per cent 
{OTOR LATHE AND JOB RUNNING LIGHT WITHOUT COT, ABOUT 4.4 H.P. 
Face-plate running at...............8 r.p.m. 
Diameter of object turned .......... 13} in. _ ; 


Cutting speed in ft. per. min........ 28 7 a 
Depth of cut 


Sectional area of cut................ 0.1406 sq. in. 
Total horsepower 31.4=117 tons per sq. in. 
tlorsepower for cut only, neglecting 
increased friction due to load 27.0 =101 tons per sq. in. 
Gross horsepower for 0.1. sq. in. section 7 : 
Horsepower for 0.1 sq. in. section 
at 1 ft. length, for cut only as - $i eee ; 


Kfficiency em. 
Gearing 


* 42-in. | S-in. 6-in. 
—— 
15 18 9 11k 6i 8h 
12.7tol  10.5t0o1 6.25tol 
of 


we 


Evidently there would be a further loss by increased friction 
due to load which would reduce the efficiency below 86 per cent, 
but a corresponding reduction would have to be made on the pres- 
sure of the chip which would fall below the figure of 100 tons, upon 
which Mr. Adamson had based his calculation. 

Mr. Adamson had expressed difficulty in understanding the 
reasoning intended to be conveyed by Fig. 4 and Table 2 and 
thought that the charge of one shilling per hour for a machine 
costing £1000 did not include many items of expense which should 
be taken into consideration for any comparison of machines. The 
author had stated (Par. 27) that there were many other variables 
which had to be taken into consideration, and not wishing to compli- 
cate the line of argument, had thought it best to deal only with the 
three principal factors and to keep the curves shown in Fig. 4 as few 
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as possible. Curves might have been introduced for cost of power, 
floor space, supervision, etc., which would have complicated the figure, 
and would have required much explanation. The author in this case, 
as in other cases in the paper, tried rather to indicate a line of reason- 
ing to be followed than to give cut-and-dried results to answer 
for every condition. The machine charges were purposely kept 
low, so that any criticism would be in the direction to accentuate 
the argument, but it must not be forgotten that the larger and more 
expensive the machine the more likely was it to be run on day and 
night shift and thus reduce the charges per hour. 

The argument advanced was so simple and obvious that Mr. 
Adamson had probably looked for some deeper meaning where 
nothing of the kind existed. The author had found in his experi- 
ence that not only was it important to urge to some persons the 
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use of modern improvements, but that it was also important to 
restrain others from carrying such ideas to excess. 

Further information regarding the wormwheel was shown in Fig. 30, 
but this was only one case out of many in the author’s own experi- 
ence. The thread of the screw in the back center of the lathe referred 
to in Fig. 10, was a quarter of an inch in pitch. 

Regarding the life of the drills under the conditions named in Table 
5, it was very desirable to grind drills before the edge had much more 
‘han lost its sharpness; nothing detracted more from the life of a 
drill than using it after the points on the outside had lost their edge. 
If this were done, not more than 0.01 in. need be ground off; for each 
grinding the drill should penetrate 150 in. Some workshop results 
which showed extraordinary lasting properties at slower rates were 
given in Table 16. 


TABLE 16 SOME WORKSHOP RESULTS 


; Size R. p.m. Feed, In. per No. of Holes Depth of 
of Drill, in. | min. Drilled Holes, in. 4 
t 510 6.05 45 3 
206 3.875 40 5 
0.92, 300 3.8 213 
300 2.75 2450 14 | 
0.92 | 320 3.00 221 | 1 f 


The author thanked Mr. Addy for his commendation for having 
avoided exaggeration in his paper, and while not disclaiming this 
compliment, he would draw attention to Table 5 where a tool was 
stated to have removed 7} tons of 40 tensile steel in 82 hours with- 
out grinding. The tool failed in the end by breaking owing to 
the deep groove cut into it by the continual wear of the cutting. 
This test was somewhat unique in its way, as it was rarely that 
su} a quantity of material was removed off one piece of work. 

\Vith regard to Mr. Addy’s remarks on the advantage of not alto- 
gether losing sight of carbon tool-steel, the author would draw 
his attention to where it was stated that it was sometimes policy 
to :un slower rates with a cheaper tool. Further, where keen cutting 
edcos were required for finishing tools the highest classes of carbon- 
stecl still held their own. The percentage given by Mr. Addy as 
50 of carbon tool-steel to high-speed steel, would, of course, vary 
according to the class of work. 
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IN GEARING 
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TOOTH GEARING © 


By J. D. STEVEN, BIRMINGHAM, ENGLAND 


No. 1292a 


A.M. I. Mech. E. 


: The subject of gearing is one which has received a considerable 
amount of attention in recent years. Numerous articles have ap- 

_ peared in the technical papers, and suggestions have been made on 

different methods of cutting wheels, and on various modifications for 
proportions of teeth. The views expressed have not so far resulted 
in any marked uniformity of opinion, and it is with the hope of 
opening such discussion that will lead to more uniformity that this 
paper has been written. The cycloidal shape has not been considered, 
the involute being in most general use. 

2 Modern Necessity for Accuracy. The following remarks are 
intended to apply more particularly to gears of comparatively fine 
pitches (from say the smallest up to 4 diametral pitch or 3 diametral 
pitch), for, although they may be capable of wider application, it 
scems to the author that the advent of the automobile, and to some 
extent of the steam turbine, has created the necessity for the finer 
pitches being cut with greater accuracy than was considered either 
possible or necessary up till 12 or 15 years ago. The automobile 

vanufacturer has steadily raised his standard of quietness since the 

‘rst gears were fitted to, the author believes, a Panhard car in about 
‘S45 or 1896, until the present time; and during the last two years 
» advent of the piston-valve engine has necessitated all other parts 
‘ug made practically noiseless. With the steam turbine also there 

‘os arisen a demand for smooth-running high-speed gearing to drive 

!-cups, tachometers, ete., and now that attention is being given to 

‘-e question of using gearing on turbines to reduce the speed for 

~ 1p propulsion, there is likely to be an increased demand for accurate 

oeels in the near future. 


Vresented at the meeting of THe American Society oF MECHANICAL 
with Tae INSTITUTION OF MECHANICAL ENGINEERS, BIRMINGHAM, 
L.NGLAND, JuLy 1910. 
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3 Gear-Cutting Machinery. A vast amount of ingenuity has 
been expended in the design of machines to produce gearing of the 
accuracy required, and the work turned out from many of them 
could hardly be improved upon. In considering the merits of these 
machines, however, one is inclined to ask why so many of them 
should cut forms of teeth more or less different from each other. On 
the whole, the differences are slight, but they are often sufficient 


Fig. 1 No. 2 Auromatic BEveL PLANER (BILGRAM) 


to prevent smooth rolling between the gears. It may be of interest 
to briefly consider a few of the principal makes of gear-cutting mia- 
chines, particularly with regard to this variation in tooth shape }ro- 
duced by them, and their ability or otherwise to produce teeth of ‘he 
same shape. 

4 Bevel Gears. For cutting bevel gearing there is little doubt ‘(| at 
the generating machine has largely superseded the type wor! ig 


with a former, 
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5 Machines with Formers. These machines produce not a true form 
of tooth, but one which is adjusted to do away with undercut, like that 
produced by a Brown and Sharpe rotary cutter. The formers are to 
some extent a source of trouble, as slight differences in ‘their shape 
will cause difficulty when different numbers of teeth have to roll 
with each other. The advantages of these machines are that they 
are very stiff in construction and therefore speedy, and that a strong 
form of tooth is produced, which rolls in many cases quite satisfac- 


Fie. 2 Auromatic BEVEL PLANER (GLEASON) 

orily enough, particularly for differential pinions, which do not run 
ontinuously, or at a high speed. ‘The first cost, too, is generally 
vss than that of a generating machine. 

(} Bevel Generating Machines. The best known at present are 
..¢ Bilgram bevel-planing machine (Fig. 1) and the Gleason generat- 
.¢ bevel planer (Fig. 2). These machines are capable of cutting all 
ecars within their capacity with true forms of teeth so that they will 
‘oll satisfactorily with each other. Increased angle of pressure can 
ve produced, and proportions of teeth (depth, etc.) altered at will 
on either make of machine. Generally speaking, the Gleason ma- 
“ine is the speedier, and the Bilgram produces, perhaps, the finer finish. 
rom the purely machine shop point of view the first cost is high, 
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and they require skilled attention to keep them in thorough order, 
80 that a simpler type of tool might be more suitable where such 
skilled attention was not available. The gears from these two 
-machines can be made interchangeable with very little trouble, and 
a high degree of accuracy can be attained. 

7 Spur Gears. For cutting spur gears, there are three principal 
2 methods, namely, by rotary cutters, generating planing, and hobbing. 
For the first method the Brown and Sharpe machine is probably the 
best known (Fig. 3), and with cutters accurately made to Messrs. 
Brown and Sharpe’s formula, exceedingly satisfactory gears are pro- 
duced. However, all gears having below 30 teeth, if made to the 
Brown and Sharpe figures, are undercut below the pitch line to pro- 
vide for clearance of the engaging teeth, as will be seen in the diagrams 
later on, and as undercut cannot be produced with a rotary cutter, 
an amount of adjustment is required in the shape, which affects the 
teeth rolling with those produced by other methods. If the standard 
tooth shape can be soaltered as to allow of a reasonably small number 
~ of teeth being cut without alteration to the true form either above or 

below the pitch line, there is no reason why the single-cutter method 

= should not continue to hold its own with any others for some time to 
come. 

8 Spur Generating Machines. Among generating machines the 

Fellows gear-shaper (Fig. 5), and the Reinecker spur-gear planing 

machine (Fig. 6), are well known. The Fellows forms the teeth 

with a cutter which corresponds to a pinion of the same pitch as the 

gear being cut. A very satisfactory tooth is so produced, but with 

the standard form of cutter metal is removed below the pitch line and 

the tops of the teeth are left practically square, so that they do not 

roll satisfactorily with those cut by the Brown and Sharpe methods. 

an advantage in this machine is that gears can be cut close to a solid 

‘lange, sufficient clearance only being necessary to allow cuttings to 
set away from under the tool. In the author’s experience the Fel- 
iows machine hardly produces work so quickly as the rotary-cutter 
method. 

9 The same reasons as the above prevent teeth cut on a Rein- 
ecker planer from rolling with those cut on a Brown and Sharpe 
‘nachine. The Reinecker is, however, a very ingenious machine, 
planing the teeth with a flat-sided cutter exactly as a bevel planer 
‘joes, and the angle of pressure can be varied in particular cases. 
‘ts great disadvantage is the time required to cut a given gear, 
which is about double that taken on a Brown and Sharpe (Fig. 7) 
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10 Hobbing Machine (Fig. 4). The hobbing process, which is, 
of course, really a generating one, has of late years come much into 
favor, and with well made hobs very satisfactory work can be done, 
at least as rapidly as on a Brown and Sharpe machine. In a paper 
read before this Institution by Mr. Thomas Humpage at the Summer 
Meeting in July 1908, some of the advantages and disadvantages of 
this method are stated. The principal advantages claimed are speed | 


Fig. 6 Spur-Gpar PLANING MACHINE (REINECKER) 


and greater accuracy; and the disadvantages, the production of flats 
on the gear teeth duc to the spacing of teeth in the hob, and a tendency 
to leave their points too thick. The first objection causes trouble 
in certain cases, but the last objection is hardly a real one, as it can 
be overcome by slightly modifying the shape of the hob tooth. 4 

11 The principal difficulty from the machinist’s point of view is 
that unless he can produce gears from a hobbing machine to ro’! 
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with others, its use is at once limited. It is fairly easy to make a 
hob which will cut teeth of a Brown and Sharpe shape, but these will 
not then roll with those cut by generating methods, so that a double 
or even larger stock of hobs would have to be kept to meet all cases. 
This alone is a serious item of expense in days when most tools are 
made of high-speed steel, costing anything over 1s. 6d. per lb. 

12 Worm-Gearing Machines. Worm gears are usually made by 
cutting the worm on a lathe or special thread milling machine, and 
the wheel by feeding a taper hob past its diameter at the proper 


Fig. 7 Universat Gear Currer (R&INECKER) 


orking centers. In some cases a straight hob is used which is fed 
to instead of past the wheel. In neither case is the shape of tooth 
tected by the machine used, so that the importance of the merits of 

‘ferent machines from this point of view does not arise. 

13 Advantage to Machine Shop of Uniform Tooth. It is evident 
‘om a brief consideration of a few typical gear cutting machines, 
‘vat any change in tooth proportions which would enable any of 
‘vem to be used with equally successful results, would be welcomed 

At present it is often the case that two or 


- 
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three machines can stand idle, while the heap of blanks grows larger 
instead of smaller round others which have produced the first few 
gears, and must cut the remainder for the sake of interchangeability. 
Before advocating a change in the standard form of tooth, however, 
it is necessary to carefully consider it as affecting (a) the supporting 
and housing of the gears, (b) the strengthof the teeth, and (¢) the amount 
of contact surface and any other proportions which go to make a 
smooth-running wheel. Unless we can satisfy the user of the need 
for change, the machinist’s troubles are unlikely to influence opinion 
as to the best form. In speaking of users, it may be interesting to 
note here that of six leading automobile firms who were asked their 
opinion on the standard tooth, two believed a change necessary, two 
gave a qualified reply to the effect that they sometimes departed 
from Brown and Sharpe shape, and that they always thought there 
should be more cutters to a set, and two others were satisfied with 
the present state of affairs. 

14 As it is obvious that we must do away with undercut in our tooth 
if we are to cut gears at all with a single milling cutter, and get the 
full strength where it is required, namely at the root, an increased 
angle of pressure seems to be the first alteration desirable. But 
increased angle of pressure increases the load on the bearings, which, 
varried to an extreme, would be a substantial reason for remaining as 
at present. If, however, an increase from 144 deg. to say 20 deg., or 
at most 223 deg., will satisfy the conditions, there are few cases where 
bearings could not be made to safely take a load greater by 5 per cent 
or 6 per cent than before. 

15 Again, if the first alteration is to increase the pressure angle, 
we at once increase the strength of tooth by broadening it at the base, 
so that there can be no objection on this score. If then, as they appear 
to the author, these are the two slightly extraneous points likely to 
arise in considering the effect of a new shape, they are not difficult 
to dispose of, and there is no reason why the matter cannot be con- 
sidered solely with a view to arriving at the best shape for genera! 
purposes. 

16 Models of Teeth. In order that the subject of tooth dimension- 
and proportions might be examined, there has been recently made at 
the author’s works a number of cardboard models with teeth cars 
fully laid out full size. A table is used having a straight edge fixed t 
one side, and against this is laid a cardboard rack. A segment of a pin- 
ion of twelve teeth is fixed on a center at the proper working distance, 
and a sheet of glass laid over the whole. By moving the rack along 
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the straight edge the points of engagement of the teeth can be most 
satisfactorily observed. The rolling of the segments with each other 
is arranged by fixing them on pins at the proper centres. They can 
then be moved round under a glass plate and their contact, ete., in 
different positions, noted. 

17 The diagrams, Figs. 8-14, are produced from photographs 
of such models. In all the diagrams the principal parts of the teeth 
are lettered thus: A, addendum points; P?, pitch line; B, base line; 
D, working depth; D', whole depth. Table 1 shows particulars of 
the models which were used. The large pitch was adopted so 
that the differences in the various forms could be more clearly seen. 


TABLE 1 DETAILS OF GEAR TEETH 


ORDINARY Srus ORDINARY Srvus 


Number of teeth in pinion 12 12 
Circular pitch. . : , 12.1661 12.1661 
Diametral pitch 0.2582 0.2582 
Pitch diameter 46.471 46.471 


54.216 52.553 


Base circle, diameter 

Working depth, diameter. 

Whole depth, diameter 
Chordalthickness. 


\ddendum 
Dedendum 
Depth 


18 Brown and Sharpe Tooth. Fig. 8 shows a 143-deg. angle rack 
and engaging with it a 12-tooth pinion laid out correct to figures, and 
\ ith no correction for undercut. This is, of course, the tooth which 
ould be generated by a hob or by other form of generating machine 
i’ the tool was not altered to prevent the base of the tooth being so 

akened. From this diagram the amount of undercut necessary in a 
\2-\ooth pinion to enable it to clear the points of the rack teeth is 
carly evident, and the sudden change in form of tooth just below 
(1- pitch line is somewhat startling to any one who has not so far 
hud the necessity or inclination to consider the subject. 


143° 144° 20° 20° 
44.988 44.988 43.668 43.668 
38.726 40.389 38.726 40.389 
37.509 39.172 37.509 39.172 
3.650 4.481 3.650 
a 
> 
~~ wen = 
= 
q 


Fic. 8 Toots 144-pec. ANGLE or PitcH a8 PRODUCED By GENERATING PROCESS (BROWN AND 
SHARPE) 
Fic. 9 Toors Propucep By Rorary Cutter (BROWN AND SHARPE) 


Fia.10 CUTIER 


Fic. 13 Fut. Deprs 20-pec. ANGLE or Pressurt I In with Rack 
F \NGLE OF PRESSURE. Rack 


A Addendum points 


P Pitch line 


B Base line 


D Working depth 
D' Whole depth 


Fic. 12 Srus Toors 144-peG ANGLE oF Pressure IN with Rack 
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From Fic. 13 From Fig. 14 
15 ENuarcep Views or Some TEETH IN Figs. 8, 9, 10, 11, 12, 13,14 
Dotted lines} are Center Line of Wheels and at Right Angles to Racks 
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19 The rack tooth immediately to the left of the center line is 
seen with its point just meeting the pinion below the pitch line and 
shows why the clearance is required. e 

20 In motor-car back-axles, where it is quite common to have 14. 
or even 12 teeth in the bevel driving pinion, this weakening of the 
base of the tooth is of increasing consequence, as the tendency in- 
creases to have a higher horse-power than the nominal. If the gears 
are cut on a generating machine the tooth can only be strengthened by 
adopting a greater angle of pressure. 

21 Fig. 9 shows the standard Brown and Sharpe tooth as it would 
be produced by a single circular cutter. Here the flanks of the tooth 
are radial and give greater strength at the base. The amount of 
rounding off on the rack tooth is seen in this diagram, this being 
required, of course, to clear the part of the pinion tooth below the 
pitch line. With a pinion as shown, it is obviously necessary to round 
off the points, not only of rack teeth but of the teeth of gears contain- 
ing any larger number of teeth than the pinion has when they are 
required to run with it. The amount of this rounding is, as stated in 
Messrs. Brown and Sharpe’s own treatise on gearing, to be determined 
more by experiment than by rule. It introduces an uncertain quantity 
into the work of laying out gages, and certainly removes, coupled 
with the radial flanks, a great part of the proper form of the tooth. 

22 “Fig. 10 shows an attempt to run a generated gear with a Brown 
and Sharpe standard. Jt can at once be seen that the point of the 
generated tooth on the right-hand pinion is overlapping the other and 
would have to be considerably rounded, in an actual gear, before it 
could be made to run. 

23 Fig. 11 shows the same two gears in a different position with 
relation to each other. The points of the outer teeth on the Brown and 
Sharpe pinion are some distance away from the flanks of the gener- 
ated gear, so that the load is all on the one tooth. 

24 In Fig. 12 is shown a form of short or stub tooth engaging with 
a straight-sided rack, the angle of pressure being 143 deg.; while this 
appears to be, and to some extent is, stronger than the Brown and 
Sharpe tooth of standard depth, there is still undercut, and this will 
be required in stub teeth in any proportions so long as the 144-deg. 
pressure angle is retained. 

25 Increased Angle of Pressure. Having seen the limitations of the 
tooth with 144-deg. pressure angle, it is worth considering whether 
an increased angle will result in a better form for universal adoption. 


While, as already pointed out, a slight increase in bearing pressure 
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cannot be a very serious objection in most cases, there is no 
object in increasing the angle, and consequently pressure, more than 
necessary. 

26 In Fig. 13 is shown a tooth of standard depth, but with an 
angle of pressure of 20 deg. It will be noted that the undercut is very 
slight, so that it would disappear in a gear of a few more teeth than the 
pinion shown. 

27 We can now increase the angle by a few degrees, or endeavor 
to dispose of the remainder of the undercut by other means. Having 
reached the required result so nearly by an increase of only 53-deg. 
angle, and consequently an increase of about 5 per cent load on the 
bearings, it may be better to leave this proportion as it is; or, on the 


TABLE 2 CONTACT ON A TWELVE-TOOTH PINION (APPROXIMATE FIGURES) 


LencTs or WORKING | 
LENGTH oF Curve 
UNDERCUT Tora. PERCENTAGE 
CURVE FROM | LENGTH or WORKING 
INTERFERENCE Reduced oF CuRVE TO 
Point TO Addendum Due to Toota Tora. Toots 
WoRKING to Base Undercut CurRvVE CuRVE 
Depts Circle Interfer- 
ence 


12 teeth 144-deg. angle of stand- 
ard depth 


12 teeth 144-deg. angle of pres- 
sure stub depth 


12 teeth 20-deg. angle of pres- 
sure standard depth 


12 teeth 20-deg. angle of pres- 
sure stub depth 


other hand, it may be better to still increase the angle, and leave the 
other proportions alone. The author is inclined to favor the former 
alternative. 

28 Ina paper read by Wilfred Lewis before the Engineers’ Club of 
Y hiladelphia, in 1900, an increase of pressure angle to 20 deg. or even 
25 deg. is advocated, but the depth remains unaltered. In a pam- 
) ulet published by the Fellows Gear Shaper Company in 1907, a 20 deg. 
's advoeated, with a short or stab form of tooth. Here we have a 
«ference of opinion in two quarters where consideration has been 
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given to the subject, and so long as such differences exist it is difficult 
for the ordinary user of gearing, with probably but a slight interest 
in such questions, to decide on the best form for his work. 

29 A list giving the amount of contact with each form of tooth, and 
various numbers of teeth of each form, would be somewhat lengthy, 
but Table 2 giving the contact on a 12-tooth pinion, of dimensions as 
in Table 1, may be of interest. 

30 It is well to remember that in teeth such as the Brown and 
Sharpe 143-deg. angle, the larger the number of teeth running together 
the less is the contact, owing to the rounding of the tops, and whereas 
when a tooth is used of such proportions that the correct shape re- 
quires no alteration, there is no decrease in contact with larger num- 
bers of teeth. 

31 It will be seen from Table 2 that in the teeth under considera- 
tion those with 143-deg. pressure angle would have rather more con- 
tact than the 20-deg. stub form, were it not that the undercut extends 


above the base line, and so interferes with the contact. As at about 
25 teeth the proper working curve will not be interrupted in this way, 
its length with 143-deg. angle, and ordinary depth, is 0.175 inch 
greater than with 20-deg. and stub depth. In smaJl numbers of teeth 
the stub contact is actually the greater, and in all numbers of teeth 
the proportion of working curve to total is much greater. 


_ 32 Fig. 14 shows a pinion with such teeth in mesh with a rack. 
This tooth is advocated by the Fellows Gear Shaper Company, but 
their method of fixing the depth seems unnecessarily complicated. 
They advocate having a 4-pitch tooth with 5-pitch depth, a 5-pitch 
with 7-pitch depth, a 6-pitch with 8-pitch depth, and so on; the depth 
in every case but the 4-pitch being that of a pitch No. 2 finer. 

33 As module and various odd pitches have to be dealt with, a 
more general method of fixing this dimension would be, in the author’s 
opinion, an advantage, and to take one quarter of the circular pitch 
as the addendumin each case, is a much simpler thing to remember. 
The difference is not much between this and the Fellows depth. The 
following figures show what the difference is on a 6-pitch gear: . 


Fellows Author 

§ Pitch Cireular Pite! 

+4 


Adédendom 12! 0.1309 


Dedendum 562 0.1570 
Whole depth . 281: 0.2880 
Thickness 0.2618 
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or a difference of 0.0068 in the whole depth. What has been said 
applies, of course, equally to either spur or bevel gears. 

34 Worm-Gearing. While no investigation can be complete which 
ignores this important form of gearing, the author feels that it is 
quite impossible to deal with it in the scope of a short paper. So 
many worm gears are now being used in automobile work, and so 
much difference of opinion exists as to efficiency, angles of pressure, 
globoid and straight worms, and other points, that it is to be hoped 
the latest practice may be the subject of a paper by someone fully able 
to deal with it, at an early date. 

35 Conclusion. The author is well aware that this paper contains 
nothing very new on the proportions of gear teeth, but, as stated in 
the beginning, his object has been to bring the subject before the 
members, so that if possible some uniformity of opinion may eventu- 
ally result. Such uniformity would undoubtedly be most welcome to 
everyone who has either to cut or use gearing to any extent. 
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36 He also feels, as stated in the early part of this paper, that 
conditions have so radically changed during the last few years, there 
.s every reason to consider the question now with an open mind, and 
in the fullest possible manner. If a new form of tooth is desirable, it is 
is opinion that the stub form with 20-deg. angle of pressure would be 

-» change in the right direction, because 


a It can be used right down to 12 teeth in its true form, and 
cut on either a single cutter or generating machine. 

b It is altogether a stronger form than that most commonly 
used at present. 

c A very large proportion of its face does useful work. 

d The possible objections on the score of less contact and 
greater bearing-pressure are so slight as to be nearly 

negligible. 
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37 ‘Thanks are due to those firms who have so kindly replied to 
inquiries regarding their experience and practice, and to the staff of 
Messrs. E. G. Wrigley and Company, for their assistance in preparing 
and photographing the models of gear teeth. 

38 Definition of the Angle of Pressure. The angle of pressure of 
a pair of gears (Fig. 16) may be defined as the angle made by the line 
of mutual pressure with the common tangent to both pitch-circles at 


their point of contact. 
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INTERCHANGEABLE INVOLUTE GEARING 


By WILFRED LEwIs, PHILADELPHIA, PA. 


No. 12926 


Member of the Society 


39 This paper was prepared at the request of the Committee on 

Meetings of The American Society of Mechanical Engineers as the 
contribution to the discussion upon the need of a standard or stand- 
ards for gears to be considered at the meeting with The Institution of 
Mechanical Engineersin July 1910. By way of explanation, it may be 
said that its author is chairman of a committee on Standards for 
Involute Gears, appointed about a year ago by the president of The 
American Society of Mechanical Engineers to investigate the subject of 
interchangeable involute gearing, and to recommend, if found desir- : 
able, a standard or standards. This paper, however, is not to be 
considered as an expression of the opin ons of the other members 
of the committee, except where so stated. 

10 After more or less unsatisfactory experience with cycloidal 
gearing, I investigated about twenty-five years ago the subject of 
involute gearing with the object of determining upon a system, for 
the firm of Wm. Sellers & Company,with which I was then connected. 
The conditions imposed called for a system applicable to any number 
of teeth between a 12-tooth pinion and a rack, without change in 
the Sellers addendum which had always been made 0.3-pitch for the 
cycloidal teeth, hitherto used almost exclusively by them. 

il I found that the involute forms then in vogue were confined to 
obliquities of 144 deg. and 15 deg. with an addendum equal to the 
modulus, or about 0.32-pitch. This long addendum with such small 
ohliquities naturally gave rise to interference between racks and 
pinions of less than 30 teeth, and rather than modify the involute 
form I finally recommended the adoption of a pressure angle of 20 
deg. At the same time, I was well aware of the fact that even this 
obliquity was not sufficient to prevent interference between a 12- 


Presented at the meeting of Tor American Socrety or Mecnanicat ENar- 
NEERS With Tue Instirution orf MecuanicaL Enatneers, Birmingham, 
England, July 1910. 
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toothed pinion and a rack, but for such pinions and the gears of 60 
teeth or less, with which they commonly engaged, I believed the inter 
ference would not be noticeable in practice. I was strongly tempted to_ 
go further and fix upon an obliquity of 223 deg., but 20 deg. then | 
appeared such a radical departure from common usage that the advan- 
tages of the greater angle were dismissed as being possibly more theo- 
retical than real. 

42 The 20-deg.system with an addendum of 0.3-pitch has now been | 
in use by Wm. Sellers & Company for twenty-five years and has given 
satisfaction in a general way, although the interference referred to has - 
been more or less noticeable on 12-toothed pinions. I reviewed this 
matter ten years ago in a paper read before the Engineers’ Club of 
Philadelphia, advocating an obliquity of 224 deg. and suggesting as a 
much-needed reform in engineering practice the consideration of — 
uniformity in interchangeable gearing. I then pointed to the action | 
of the Franklin Institute more than thirty years earlier, which inau- 
gurated a standard system of screw threads and expressed the hope > 
that by the interchange of opinions an agreement among engineers 
might be reached leading to the gradual disappearance of needless" 
diversity in the forms of gear teeth. 

43 Nothing in this direction had been done however, when the — 
subject of interchangeable involute gear-tooth systems was brought © 
to the attention of The American Society of Mechanical Engineers in 
a paper by Ralph E. Flanders presented in December 1908. A num- 
ber of systems in general use were analyzed and their merits discussed 
from various points of view and the desire expressed that the Council 
be petitioned to appoint a committee to investigate the subject of. 
interchangeable involute gearing and, if found desirable, to recom- 
mend a standard or standards. 

44 In answer to this petition the Council voted in January 1909, 
that the President appoint a committee of five members to formulate 
standards for involute gears and present the same to the Council. 
Without anticipating in any way the conclusions of this committe: 
yet to be formulated, if indeed an agreement be possible, I believe it 
will be helpful to give publicity to the line of investigation upon 
which we have embarked and thus obtain the benefit of such criti- 
cism or encouragement as it may provoke. 

45 At the first meeting of the committee in June 1909, it was 
decided to obtain an expression of opinion from the manufacturers 
of gears and gear cutters and later in October the following circular 
letter was sent out: 
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Dear Sir: 


A committee of The American Society of Mechanical Engineers has been 
appointed to consider the subject of standards for interchangeable involute 


gears, and would like to have as much light upon the subject as can be given 
them by the manufacturers. 


Without limiting in any way the type of gears to be used for any special ser- 
vice, it is believed to be desirable that some type should be known as standard 


so that any gears of that standard may run together and be perfectly inter- 
changeable. 


The committee is, therefore, interested to know the extent to which involute 
gears are modified in your practice to avoid interference, and it would be 
pleased to have your ideas as to what, in your opinion, should constitute stand- 


ard interchangeable involute gears. Any suggestion you may be pleased to 


offer will be very much appreciated. 


Yours truly, 


Huco BILGRAM Committee on Standards 


R. Fettows for Involute Gears 
C. R. GABRIEL 


46 In response to the circular letter above referred to, about one 
hundred answers were received, expressing more or less interest in 
the subject and giving more or less conflicting preferences and con- 
clusions. 
17 One correspondent said he would hail with delight any system 
whereby complete interchangeability could be attained on gears 
running without noise up to 1000 ft. a minute, as among automobile 
manufacturers noiseless gearing was always the chief end in view. 
48 It is undoubtedly true, as pointed out by other correspondents, 
that perfect cutters do not necessarily produce perfect gears and that 
close attention must be paid to the setting of the cutter, proper index- 
ing, speed, feed, etc., and from the extent to which the present 143- 
deg. system is established, it has been argued that even if the pres- 
-ure angle of 143-deg. were not the most desirable, it would be better 
‘or the sake of the established practice to let it alone. Quite a num- 
ver share this opinion and argue against the recommendation of a 


standard which may simply add another system to those already in 
ise. 


49 It may be said in reply that the chief advantages of involute 
searing over cycloidal gearing which it has pretty generally displaced 
‘re the comparative simplicity of the involute curve and a slight 
‘ariation in center distances not permissible in any other system of 
searing. Despite the difficulty of securing general recognition for 
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any system of interchangeable gearing, I believe the committee should 
investigate and report upon some ideal standard or standards. 

50 Attention is called by a number of correspondents to the 
increasing number of gears cut by the hobbing process and the diffi- 
culty of making such gears interchangeable with certain cut gears, 
thus indicating the hobbing principle as the first principle to which 
all cutters should conform, the rack being the basis of all generated 
gears. It is admitted that hobbed gears can be used interchange- 
ably with gears cut by certain other processes, but some doubt 
is expressed of the possibility of realizing an interchangeable system 
using pinions with a small number of teeth and teeth of reasonable 
length without resorting to some modification of the involute 
eurve. The opinion is freely expressed that if such modification 
becomes necessary the method should be known and clearly 
defined, so that makers of gears can adopt it and, if necessary, make 
their own cutters. 

51 As pointed out in Mr. Flanders’ paper and as mentioned repeat- 
edly by our correspondents, the most desirable quality in gearing 
and the one by which it is almost universally judged, is quietness and 
smoothness of running. Next to this come strength, durability 
and permanence ot form, and upon the last, of course, depend con- 
tinued quietness and smoothness of action. Friction and journal 
pressure are of less importance, but still worth considering, and 
before reaching any conclusions from theoretical considerations 
alone, we propose to determine if possible, in a practical way, the 
relative advantages of some of the systems in common use and, with 
these, other systems to which we are disposed to give favorable con- 
sideration. 

52 Itis understood that the Institution would be pleased to have 
the codperation of the Society in the work they have in hand looking 
to a determination of the triction in the transmission of power by 
gearing. In this connection we have been reminded of a sugges- 
tion of Prof. J. Burkitt Webb of Stevens Institute of Technology 
made soon after the publication of the Sellers’ experiments upon gears 
reported to our Society in 1885. In these experiments an attempt 
was made to measure the friction loss between the teeth of a pair 
of spur gears, but the apparatus used, made originally for testing 
the friction of worm gearing, was not delicate enough for the purpose 
and the errors introduced exceeded, in some cases, the net result. 

53 Professor Webb then suggested the possibility of so dividing 
one of the pair of spur gears to be tested as to make the load on the 
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teeth self-contained. ‘The apparatus which we have designed embod- 
ies this idea, thus making it possible to run gears under heavy loads 
at high speeds with a very small consumption of power. We have 
also provided in our apparatus for an adjustment of center distance 
and means to measure the thrust between centers while the gears are 
running. Of course, the thrust between centers can be estimated 
very closely for involute gears trom the pressure angle on the teeth, 
but we anticipate results somewhat in excess of this on account of 
the excess in friction of approach over that of recess, and, it any but 
involute gears are tested, it will also be interesting to compute from 
experimental data the effective obliquities of other systems. 

54 We propose to determine the friction loss under various 
speeds and pressures for wheels and pinions cut to the Brown and 
Sharpe 143-deg. standard, the 20-deg. stub tooth and a 224-deg. tooth 
with addendum of § module or about 0.278 pitch. ‘These gears will 
be tested at normal center distance, and also at distances about 1 
per cent or 2 per cent of the pitch greater or less than this, and an 
effort will be made to record graphically the noise produced under 
these different conditions. 

55 We believe that accuracy and permanence ot form can thus be 
given their proper influence on the reduction of noise. It may take 
some time to determine the effect ot wear, but from the method of 
loading the teeth and the small amount of power consumed some 
indication of the tendency of wear can be obtained. All gears tend 
to wear out of shape, and involute gears more so than cycloidal, 
but we recognize as a possibility that this tendency may be checked 
by the deformation itself and also that the loss in friction at different 
parts of a gear tooth is practically incalculable on account of the 
variations in friction for different velocities of sliding. 

_ 56 The experiments we propose should therefore give informa- 
tion unobtainable in any other way and throw a flood of light on the 
problem in hand. 

57 As it is quite impossible for any of the committee, who are 
all busy men, to make the experiments here outlined, we have been 
_ fortunate enough to interest, through the intervention ot Professor 
Lanza of the Massachusetts Institute of Technology, two of his 
undergraduates, Messrs. Green and Doble, in making these experi- 

ments the subject matter for a graduating thesis. Professor Lanza 
oped to have the work completed in June so that the results might be 
° Oe d for discussion at our meetingin England in July but this 


148 Prov ed impossible, partly because of the magnitude of the under- 
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taking and partly of the delay in the completion of the testing ma- — 
chine. 

58 The apparatus used in making these experiments is shown in 
the photographs, Fig. 17 and Fig. 18, and the line drawing, Fig. 19, 
which gives some of the principal dimensions and shows the knife edges 
on which the machine rests. The machine consists of a frame A de- 
signed to carry a pinion shaft in roller bearings at one end, and a frame 
B pivoted to it and designed to carry the gear wheels W engaging with 
a wide-faced pinion P on the pinion shaft. The frame B is held to the 


Fic.17 Gear Testinc MacwINE 


frame A at its outer end by an adjustable clamping bolt C, and pro- 
vision is made to measure the thrust on centers by means of the spring 
D acting between the frame A and an adjustable abutment on the 
frame B. The gear wheels to be tested consist of a central gear with « 
wide face and two side gears with narrow faces. The central gear ca’- 
ries two heavy cross pins G, which pass through clearance holes in t!:: 
side gears, and the side gears carry two heavy pins H, which pa 

through clearance holes in the central gear. Between the projectin, 
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ends of these pins G and H, heavy helical springs S are inserted, upon 
which pressure can be applied by means of the set screws K. 

59 The pressure of these four springs S is resisted by the gear 
teeth, the middle gear pressing against one side of the pinion teeth 
and the side gears pressing against the other side. The pinion thus 
becomes simultaneously a driver and a driven gear and the power 
required to turn it when loaded in this way is only that required 
to overcome the friction of the teeth and whatever resistance there 
may be in the gear journals. The latter presumably is very small 


‘ra. 18 VirEW SHOWING ARRANGEMENT OF PIVOTED FRAME AND SPRING FOR 


MEASURING THRUST 


deed, but provision has been made to measure it by substituting 
iain cylinders without teeth for the gears and pinion, and running 
aese under the same journal pressures. By deducting the resistance 
jue to journals from the total resistance with running gears, the 
riction of the teeth alone can be determined. 

60 In operation this machine is driven by an extension to the 
vinion shaft, carried to bearings several feet distant to permit of 
-mple flexibility. The knife edge directly beneath the pinion rests 
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upon a permanent support, and the other knife edge is carried upon 
the platform of a small platform scales. The driving moment in 
the pinion shaft will theretore be measured by the scale reading at 
the end of an arm 20 in. long, and by reversing the direction of motion 
given to the pinion shaft the effect of any initial lateral strain in the 
driving shaft can be eliminated. 

61 Fig. 20 illustrates three types of gearing to be tested by Messrs. 
Green and Doble, and with these other types may be included Jater 
on. 
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Fig. 19 Dragram or Gear TESTING MACHINE 


- 62 Figs. 21, 22 and 23 illustrate a group of involute gears designe: 
by Mr. Bilgram to engage a rack of 15-deg. obliquity, and to demon- 
strate the possibility of using pinions of ten or even nine teeth wit! 
such a rack, provided the addendum can be varied. Without wishiny 
to advocate the use of a variable addendum in interchangeable gear- 
ing, it is interesting to note the possibility of making a tentative solu- 
tion of the problem in this way. A set of these gears has kindly been 
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furnished by Mr. Bilgram for making a comparative test. He has 
also made a set of models, from which the figures have been photo- 
graphed, and referring to them, he gives the following explanation: 
63 “While the involute system of gearing has decided advantages 
over any other, it has the one disadvantage that the faces of the 
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Fig. 20 Gear Types Testep IN THE MACHINE 


oth of wheels come into interference with the flanks of pinions, if 
‘ o latter have a comparatively small number of teeth. Unless the 
uks of the latter are undercut, the teeth will interlock or at least 
improperly. 


»t “In making a single pair ot wheels, a remedy can readily be 
plied. There are two ways in which interference can be avoided, 
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namely either by increasing the angle of pressure or by shortening 7 
_ the addendum of the wheel. If the latter method is chosen and it 
_ is desired not to reduce the working depth of the teeth, it is necessary — 


to add to the addendum of the pinion the amount taken trom the 
addendum of the wheel. 


65 “This latter method is out of the question when the problem 
; - _ is given to make an interchangeable set of spur wheels from a rack 
down to a 12-tooth pinion. This problem may be solved by a com- 

bination of both remedies alluded to.”’ 


Fig. 21 BinGram System: Pinion wits UNpeErcuT, TEETH 


66 The method consists of making racks and larger wheels with 
normal addendum, but increasing the addendum of pinions just 
enough to prevent the rack tooth from interfering with the flank. 
The samples presented (Figs. 21 to 23) consist of a rack R and a36-tooth 
wheel W, with angle of pressure of 15 deg. and addendum equal to 
the modulus. The 12-tooth pinion A, generated by a rack, corre-— 
sponding to rack R, shows the undercutting thereby produced. Ob- 
viously this pinion will not work, as so much of the involute is cut 
away that the path of contact is materially less than one pitch. 

But there are also shown pinions of twelve, ten and nine teeth, mac 
with increased addenda. ‘These were generated by a rack like R, 
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BritGgrRAM System: PINIONS WITH INCREASED ADDENDA IN MESH 
with Rack 
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but with a somewhat greater addendum than that used in generating 
the wheel W and a somewhat greater cutting depth. If these pinions 
are then mated with wheels of a large number of teeth, they will 
not enter as far as with pinions of equal number of teeth and have 
therefore a slightly less working depth. 

67 On this plan may be based a system of involute gearing with 
a working depth of twice the modulus, and with a moderate pressure 
angle, 15 deg. in the samples submitted. Pinions of a small number 
of teeth will have an increased addendum, but a theoretically correct 
action is maintained. The pinion teeth have a wide base and are 
strong. One disadvantage in those cases in which pinions with less 
than about 24 teeth are embraced, is that the center distance is 
greater than that computed by the usual rule from the modulus 
and the number of teeth of the meshing wheels. Moreover, pinions 
will not have the full working depth when meshing with large wheels 
or with racks, but even in the case of a 10-tooth pinion meshing with 
a rack, the path or contact exceeds one pitch so that at least for a 
portion of the action two teeth will be in contact simultaneously. 

68 The plan proposed by Mr. Fellows is to use an involute with 
an angle of pressure of 20 deg. and to reduce the addendum to of 
the modulus. Such teeth are known as “stub teeth”. By this method 
interference in case of a rack gearing with a 12-tooth pinion is just 
avoided and in the case of two 12-tooth pinions meshing with each 
other the path of contact is equal to about 14 of the pitch. 

69 Mr. Gabriel prefers the 14}-deg. standard of the Brown and 
Sharpe Manufacturing Company and he has prepared a contribution 
to the discussion expressing his views on the subject. 

70 The system which | propose is that of a pressure angle of 
22% deg. and an addendum of ¢ of the modulus. 

71 TI believe that an interchangeable system of involute gear- 
ing, to be of the greatest value, should extend from a 12-tooth pinion 
to a rack, and in the selection of gears to be tested we have chosen a 
12-tooth pinion engaging a 60-tooth wheel. The maximum reduc- 
tion with the maximum strength in a limited space is the problem 
in gearing that generally confronts the engineer and a ratio of five 
to one is very often as much as he can realize without sacrificing too 
much strength. I recognize, ot course, that the adoption of « 
larger number of teeth in the smallest allowable pinion overcome: 
some difficulties, and that this may be a debatable point, but | 
do not think any system of interchangeable gearing will be satisfac- 
tory which does not include pinions of twelve teeth. The cycloida! 
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system formerly employed was based upon a 12-tooth pinion, and I 
believe this number can be retained for the smallest number in an 
interchangeable involute system without serious objection. That is, 
there is better ground for the retention of this minimum number than 
for a higher number and when the pros and cons have all been summed 
up there will be no change in this well-established minimum for inter- 
changeable pinions. 

72 Although the experiments made under the direction of Pro- 
fessor Lanza are not by any means conclusive, enough has been done 
to indicate that the friction loss in gear teeth is influenced to a greater 
extent by the length of the addendum than by the obliquity of the 
system. Theoretically, the friction loss in involute teeth is indepen- 
dent of the obliquity and increases with the addendum. The loss in 
journal friction should vary as the secant of the pressure angle, but 
the latter is also affected by the dead weight on journals which even 
with plain bearings is a small matter, while with ball or roller bearings, 
it isa very trifling consideration indeed. 

73 I believe therefore that a pressure angle of 225 deg. can be 
adopted without fear of reduced efficiency in the transmission of 
power; that an addendum of 7 module will give an ample are of 
action for all combinations of gears between a 12-toothed pinion and 
a rack, and that true involute forms made to these constants will 
avoid the necessity for any empirical modifications and give results 
comparable with the best now obtained by such means. 
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P. V. VeRNon! said he was present at the meeting as a patient 
and not as a doctor. He was connected with a firm of machine-tool 
makers, which had made many long and costly experiments with a 
view of determining, not what he might call academic points in the 
design of gearing, but for the purpose of obtaining a system of gears 
that would run silently at high speeds. His object in speaking was to 
ask that something might be done to discover the points that would 
give silence in gears, as until gears could be obtained which ran silently 
the question of making them interchangeable could hardly be profit- 
ably considered. The results of the experiments which his firm 
had made had been very small in the way of positive knowledge, but 
they had been very great negatively in the way of teaching them how 
very little anybody really knew about gearing. Among the negative 
results were the following: In the first place, it appeared that there 
Was no general agreement among engineers or gear makers as to the 
best angle of pressure to use; there was no general agreement as to the 
proportions of gear teeth which were the best for quiet running; 
there was no reliable information on the strength of cut teeth made 
by modern methods in various materials and running at various 
speeds; there was no reliable information at present available on 
the effect of different materials on the strength, the noise, and the 
wear of gear teeth. It appeared, in fact, exceedingly doubtful whether. 
it was possible to make an interchangeable system of gear teeth at 
all for quiet running. 

Previous speakers had stated that the involute system was 
imperfect; engineers knew that the epicycloidal system was dead; 
and the results of the experiments which his own firm and others 
had made had proved that involute teeth did not give a quiet gear; 
that epicycloidal teeth did not give a quiet gear; that hobbed gears 
were not quiet, and that planed gears were not quiet. But there was 
one | ind of gear which was quieter than all those, namely, the gear 
with “faked” teeth. It now was well known that the gears which 
gave |e quietest results in running were those on which an empirical 
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correction of the tooth form had been made, and so far as he knew the 
means by which that correction was made were kept secret, and were 
in the hands of one leading American firm, of which a representative 
was present at that meeting. When Ralph E. Flanders read his paper 
before the American society in December 1908, this same representa- 
tive of that firm practically admitted that the only way to get quiet 
gears was to make an empirical correction on an experimental basis, 
and that the best thing for gear users to do was to trust to the experi- 
ence of that firm, which he (Mr. Vernon) supposed meant to buy 
their cutters from them. He spoke at that meeting as a member of 
both The Institution of Mechanical Engineers and of The American 
Society of Mechanical Engineers, and wished to say that although 
the greatest credit was due to that firm for having made their investi- 
gations and experiments, it was not to the interest of gear usersin 
America and in England that that knowledge should continue to re- 
main in their hands alone. He hoped the remarks he had made would 
do good by bringing the committee of The American Society of Me- 
chanical Engineers, who were considering gear questions, into touch 
with the committee of The Institution of Mechanical Engineers, so 
that investigations might be started with a view to ascertaining what 
were the corrections which needed to be made to ensure quiet tooth 
action, and so that such information, when obtained, could be placed 


in the hands of gear users in both countries. Y 


C. R. Gasrien.' This discussion was prepared at the request of the 
Committee on Meetings of The American Society of Mechanical [n- 
gineers as a contribution upon standards for gears, and is submitted 
‘as a personal opinion, rather than a report, as the findings of the com- 
mittee up to date have not established definite conclusions. 

As stated, the committee received in reply to its circular letter, 
a large number of answers, but few contained comparative data and 
were largely expressions of theories or opinions, such as most engineers 
have advanced in explanation of the difficulties arising from improp- 
erly cut and noisy gears. The expression “improperly cut’ is used 
advisedly, as from an experience covering a long period of years the 
writer believes that nine-tenths of all the trouble with noisy gears 

can be attributed to improper cutting. 

As regards the adoption of a standard, the opinion of the writer 

is that the present so-called Brown and Sharpe standard will hold its 
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own against any system for the general run of machinery; and that 
for many of the cases where special cutters or forms of teeth are used, 
the benefits of such modifications are more imaginary than real. The 
answer to the difficulties arising where high speed, durability and effi- 
ciency are required, will be found in the substitution of better mate- 
~ rial and better methods of treating in the hardening process. 

The present system is called by some an empirical one, but any 

carefully worked out system will be so, as practice shows that decid- 
edly better results are obtained by certain modifications of the theo- 
retical tooth form. Teeth having an increase of pressure-angle and 
reduction of addenda to prevent undercutting on 12-tooth pinions 

- would be subject to the same modifications which would put them in 

the empirical class, and any manufacturer of cutters would undoubt- 

edly strive to improve his cutters regardless of whether they were 
strictly in accordance with theory. 

_ The opinion is expressed that if such modifications are neces- 
sary, the methods should be known and clearly defined, so that mak- 
ers of gears can use them and make their own cutters, if necessary. 
The advantages to the gear manufacturer of making his own cutters 

are not apparent to the writer, as the difficulties attending the mak- 
ing of form cutters would prove expensive in comparison with the con- 
venience of using commercial stock cutters produced by reliable cut- 
ter manufacturers. 

Attention has been called to the increasing number of gears cut 
by the hobbing process, and the difficulty of making such gears inter- 
change with certain cut gears, thus demonstrating that the hobbing 
principle is the one to which all cutters should conform. This seems 
misleading, as the fact is not mentioned that this process has its limi- 
tations. It must not be overlooked that one great disadvantage 
arises from the difficulty experienced in producing accurate hobs. 

The method of producing gear teeth by the shaping process has 
also been actively exploited, and the committee’s attention has been 
called to the fact that it is an incidental feature of this process that 
the regular standard 14}-deg. cutters (on account of the side strain 
involved) are less durable than the usual form of revolving cutter, 
e*pecially under rapid production requirements, and in tough mate- 
rial. The proposed 20-deg. pressure angle stub tooth materially in- 
creases the strength of the reciprocating gear-shaper cutter. ‘The 
writer also calls attention to the fact that the stub-tooth system would 
greatly reduce the difficulties in producing the hobs for the hobbing 
process referred to above, and believes the c 
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conservative in its recommendations, particularly where they appear 
to favor some method or methods of producing gear teeth. 

As regards the forms of teeth referred to in the paper as sub- 
mitted by the other members of the committee, Mr. Fellows proposes 
to use an involute with 20-deg. pressure angle, and an addendum o! 
¢ of the modulus. Mr. Lewis proposes an involute with 224-deg 
pressure angle, and an addendum of { of the modulus. Both of these 
systems are subject to criticism for general adoption, (a) because of 
increased angular back-lash, as compared with the present 144-deg. 
standard for a like amount of wear; (b) decrease of addendum which 
is decidedly objectionable on the smaller pitches, as the liability of 
error in depth of tooth and center distance of shafts remains a con- 
stant for all pitches and sizes of gears, and the present height is none 
too great, being increased for these reasons for some purposes. 

Further, it is claimed for the stub-tooth system that the are of 
contact is equal to that of the 143-deg. Brown and Sharpe standard, 
and that consequently the excess of tooth height in the standard sys- 
tem produces unnecessary friction and wear, which is eliminated in 
the stub-tooth system. The fact is not mentioned that in the Brown 
and Sharpe system the height of tooth permits of being eased off 
towards the point, with the result that it causes no friction if the in- 
tegrity of the tooth form is maintained, but as wear cannot be entirely 
eliminated this easing of the points of the teeth allows the engaging 
teeth to come into action without shock, thus reducing noise and the 
dynamic action which tends to destroy the gears by the contacting of 
the teeth and is similar to hammer blows. Also, in practice the stand- 
ard length of tooth will conjugate itself with its mating gear, with tlie 
result that more than one set of teeth take the load. This may pr - 
duce extra friction, as claimed, but with properly lubricated gears 
this is a negligible quantity, as the unit stresses are divided over more 
than one set of teeth. The stub tooth has greater strength, but, forthe 
reason cited above, does not prove as satisfactory for all-round service. 

In this connection, the writer wishes to refer to the situation 
in motor gears used in street-car service. From personal observation 
he has seen stub-tooth gears where this dynamic action seemed to 
have broken down the structure of the steel to such an extent that it 
-yame off in splinters where the points of the teeth seemed to have !)'t- 

ten the material away. The best results the writer has seen in this 
class of work are where gears and pinions have been cut to the 
Brown and Sharpe system and carbonized and case-hardened, \ ith 
the result that after a year’s use there was only glazing of the cor 
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As to the matter of testing, the committee are united on its 
desirability, but the writer does not believe that anything definite 
or conclusive can be obtained from testing a few pairs of gears. The 
tests should cover a large number of gears of more than one pitch 
and of several different ratios of teeth. These tests should be so ex- 
haustive as to leave no opportunity for engineers to feel that any- 
thing has been assumed. This means great expense and much time, 
and the writer would recommend that the codperation of all interested 
parties be secured, that a fund be raised for the purpose of employing 
competent engineers to conduct exhaustive tests with suitable appa- 
ratus, and that all available materials be used, so that the differences 
of opinion as to the efficiency of the various systems in use may be set 
at rest as far as possible. Also this should establish reliable data for 
proportions of gears of the various materials, now mainly a matter of 
judgment with the designing engineer, from which more gear failures 
result than from any fault of the system of teeth used. 

To sum up the situation, the writer believes that where the 
limits of an interchangeable system are from a 12-tooth pinion to a 
rack, the present system is superior to any which are primarily based 
on the generating principle, in which the pressure angle and tooth 
parts are proportioned to facilitate the methods of producing and 
strengthening the cutting tools, rather than to improve the inter- 
changeability or more quiet running of the gears, as that is a fact 
still to be demonstrated. The circular letter sent out by the committee 
brought out the information from one concern that it had experi- 
mented exhaustively with the hobbing system for a long time, with 
various tooth forms, but had gone back to the Brown and Sharpe 
standard, for which they had now worked out a most satisfactory 
method of making the hobs. This is another example of the working 
out of an empirical system, and any satisfactory system covering the 
range stipulated, which, as before stated, must be an empirical one, 
had best be left to responsible cutter manufacturers whose methods 
combine the theoretical with the practical. The present Brown and 
Sharpe system has proved itself eminently satisfactory for many 
years, and without most thorough investigation should not be given 
a place second to any other. Also the introduction of an alternative 
standard or standards is to be deprecated on the ground of causing 
confusion and economic waste, due to the increased stock of cutters 
required for use on all types of machines. 

in conclusion, the writer wishes to refer to the point raised in 
some of the replies to the committee’s letter, that the question of 
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standardizing gearing is of the same nature as screw-thread standard- 
ization, and can be treated in the same way. Without referring to the 
conclusions reached by the Committee on Screw Threads, the deliber- 
ations of which consumed several years, the writer fails to see wherein 
the problems set forth by the two subjects can be compared. The 
screw-thread situation was one to be settled by common consent of 
all concerned, while the problem of gearing is one that is worthy the 
life work of any engineer, and involves much of the higher mathemat- 
ics of engineering, as well as a thorough knowledge of applied kine- 
matics. The fact that such a comparison has been made by some 
writers on the subject, only serves to show an utter lack of apprecia- 
tion of the magnitude of the problem set before the committee for its 
consideration and recommendation to the Society. 


Luter D. BuRLINGAME' said he appreciated all Mr. Vernon had 
said with regard to their policy at the Brown and Sharpe works, but 
he thought the point which had been raised was very well answered 
by the communication of Mr. Gabriel to which the members had 
just listened. Speaking for a manufacturer, at whose works for more 
than sixty years an extensive business in making gears and gear-cut- 
ters had been done, and which had had to deal with all phases of the 
gear question and meet the varying requirements of customers dur- 
ing those years, he could say they were not surprised that the differ- 
ent members of the committee of The American Society of Mechan- 
ical Engineers were not unanimous as to any plan which would bring 
about a change from the present standard. The thought seemed to 
be uppermost in the minds of those proposing a change that a stand- 
ard should be adopted having a true involute for the entire length of 
the tooth, even if sacrifices in other directions must be made to accom- 
plish that result. He believed the advantage, if any, of having the 
entire tooth a true involute was less than they would be led to believe 
by those advocating a change; indeed it was a matter yet to be demon- 
strated that the practical advantages of the form of tooth now in 
common use would not more than outweigh any theoretical advan- 
tages of a tooth wholly involute. The fact that the special require- 
ments at the present time were for teeth varying both ways from the 
present standard would indicate that they now had a good average to 
meet ordinary working conditions. Their experience went to show 
that for quiet running for a possible variation in center distance and 
to avoid back-lash, a small pressure-angle and long teeth were of ad- 
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vantage, while for cases in which strength was the prime considera- 
tion, even at the sacrifice of other advantages, the greater pressure 
angle and shorter teeth had their field of usefulness. Those varying 
needs were illustrated in automobile practice, where in some makes 
- the cam-shaft gears were made with a small pressure angle and long 
‘teeth, while the driving gear was made with a larger pressure angle 
and shorter teeth, in each case for the reasons he had previously re- 
- ferred to. That strength in the latter case was secured at some sac- 
_rifice was indicated by the illustration used by Mr. Gabriel in his com- 
munication, where he spoke of the injurious effects of the hammer- 
blow action when “‘stub-tooth” gears were used in street-car service. 
~The same destructive action had been noticed in stub-tooth gears used 
_ for automobile service. An engineer who had for many years made a 
specialty of gearing, and who was an expert on that subject, and who 
had in recent years been with one of the leading automobile manu- 
 facturers of America, told him that he had repeatedly found the same 
destructive action spoken of by Mr. Gabriel when stub-tooth gears 
were used in various makes of automobiles. 
Mr. Lewis, in referring to the preliminary tests made by the stu- 
dents of the Massachusetts Institute of Technology, said they showed 
that the loss by friction was varied to a greater extent by the length 
of the addendum than by the angle of obliquity.!. As he understood, 
the tests to which Mr. Lewis referred were made entirely with roller 
bearings, thus reducing the bearing friction to a minimum. That 
friction, however, was one-third greater for the 20-deg. pressure angle 
than for the 14}3-deg. angle. With plain bearings, where the friction 
on the bearing would be much greater than with roller bearings, that 
factor favorable to the smaller pressure-angle might more than offset 
any advantage shown by the tests in favor of the greater pressure- 
angle as reducing friction. As plain bearings were more extensively 
used than roller bearings, the tests could not be considered complete 
without securing full data when using plain bearings. He agreed fully 
with Mr. Gabriel as to the need of exhaustive tests by competent en- 
gineers before any result could be accepted as authoritative. 
‘le wished to take the present opportunity of endorsing what 
Mr. Gabriel had said relating to other phases of the subject. He did 
not believe that any modification of the present standard which 
would require more cutters in a set to ensure good running gears 
would meet with favor among manufacturers, as it would add di- 
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rectly to the cost of the equipment. All of the plans suggested in Mr. 
Lewis’s discussion were such as would require extra cutters in the set. 
Neither did he believe that any plan would be generally approved 
which would increase the amount of back-lash with a given variation 
in centre distance or with a given amount of wear. Unless some very 
important advantages could be shown for some new system yet to be 
suggested, it would seem unwise to bring about the confusion which 
would result from a change not fully endorsed by the manufacturing 
public. 


DanireL Apvamson! wrote that, as no doubt Mr. Steven’s paper was 
intended to assist the proposed joint committee of The Instituti: 1 
and The American Society of Mechanical Engineers, he thoug) 
that one or two important processes for the production of gearing, 
which were not mentioned, should be referred to. There was n> 
mention of the Sunderland method of generating spur gearing, 
the machines for which were at present being made by J. Parkinson 
and Sons, Canal Iron Works, Shipley. In this system the cutter took 
the form of a rack, and it was found that gears could be cut very much 
more rapidly than by rotary cutters, and the further advantage was 
that the cutters were much simpler and cheaper. Only one cutter 
was required for any number of teeth of a given pitch and the teeth 
were all correctly cut, as distinguished from the rotary-cutter system, 
wherein each cutter was only correct for the exact number of teeth 
for which it was designed. 

He thought it seemed hardly fair to quote as a “‘difficulty”’ the 
fact that gears produced in hobbing machines by hobs cut to Brown 
and Sharpe standard would be unsuitable for running with those cut 
to other standard shapes. This was the fault of the difference in 
the so-called ‘‘standards” and was not the fault of the hobbing 
method, but was in fact the main argument for an early standardiz:- 
tion of all spur-teeth upon a definite system. 

Coming to worm-gears, there was no mention of the Gibson 
system, which was described in the Proceedings of the North-Past 
Coast Institution of Engineers and Shipbuilders in 1896-1897, Vol. |). 
This system should certainly have some consideration, as he believ«! 
more worm-gears had been cut by this method and by the sulbs- 
quently improved method introduced by Hy. Wallwork and Co., 0! 
Manchester, the licensees of the Gibson system, and known as tlie 
Wallwork-M ‘clean method, than by any other system. a : 
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In regard to the question of models of teeth there ought to be 
some consideration given to Lasche’s paper in Zeitschrift des 
Vereines deutscher Ingenieure for 1899, Vol. 43, wherein was described 
a system recommended by its author for the use of the A. E.G. This 
system was based upon a 15-deg. angle of pressure with an addendum 
of 14 module for the driver and 4 module for the driven wheel, and 
bore some resemblance to the Bilgram system referred to in Wilfred 
-Lewis’s paper. There were many advantages claimed for it, namely, 

a stronger shape for the teeth of the pinion, a shorter are of approach, 
and (when a rotary cutter was used) a more effective cutting shape, 
the radial flanks of the pinion teeth being very much shortened. 

No paper on tooth gearing could be considered complete without 
at least a reference to Michael Longridge, Member of Council, who 
gave, in his annual reports for 1887-1888 and 1891, examples of very 

- short teeth for large driving wheels. It was principally upon the 
_ basis of those reports that Mr. Adamson’s firm adopted a shortened 
form of tooth in 1897, full particulars of which would be found in Vol. 
24, issue No. 39, p. 1079, of the American Machinist of 1901, and 
which he was pleased to notice had the same length of addendum as 
the “stub-tooth” given in Table 1 of Mr. Steven’s paper, namely, 0.25 
of the circular pitch. 


In conclusion, he sincerely trusted that the proposed joint com- 
mittee would be encouraged by the discussion on these papers to push 
forward the important question of standardization of gear teeth, and 
to put it upon such a basis that satisfactory gear teeth could be pro- 
duced in the future from a definite formula, without the use of any 
empirical correction. 


Tuomas Humpaae! said that he thought much credit was due to 
Brown and Sharpe for standardizing their system of toothed gearing, 
which was known and used throughout the world. It was, however, 
introduced before the generating machine was in use, and it must 
give place to something better now. In view of the great advances 
that had been made during the past ten years in high-speed machin- 
ery owing to the introduction of high-speed steel and the great de- 
mand for silent running gears, the writer thought that we were un- 
doubtedly behind the times in producing correctly-formed teeth to 
run quietly at these high'speeds with'great pressure, and he welcomed 
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any improvements that might be adopted to attain this end. The 
Brown and Sharpe system should be left alone, as it would always be 
retained by certain manufacturers because it was good enough for 
their class of work. 

The rack being the basis of all generated involute gears, the 
teeth should have straight sides, leaving the usual fillets at their roots 
below the working depth; and no deviation from this form should be 
made. A 12-tooth pinion should be the minimum for general pur- 
poses, because it has proved best in the past. For quietness and long 
life at high speeds, it was most essential that there should be no un- 
dercutting, and that the involute should extend to the whole working 
depth of the tooth. To generate these teeth on a 12-tooth pinion, the 
cutter or hob must have teeth with sides inclined at an angle of 22 
deg., as a less angle would shorten the length of the involute and cause 
undercutting. As regards the addendum and dedendum, he quite 
agreed with Mr. Lewis’s suggestions. These teeth could be gener- 
ated on either of the following generating machines—an automatic 
hobbing machine, a Bilgram, Reinecker or Sunderland spur-gear 
planer, also on a Fellows gear shaper, providing the teeth of the cutter 
were ground to a true involute form down to the working depth of 
the teeth. They could also be cut on any machine of the Brown and 
Sharpe type with disc cutters made the exact shape of the space be- 
tween the teeth. All wheels cut on these machines would then be in- 
terchangeable with each other. To facilitate repairs, it would also be 
a great advantage if manufacturers would stamp the pressure angle 
on the rims of the gears they cut, for example—144 deg. Brown and 
Sharpe, or 22 deg. 

It was, however, most unlikely that all the branches of the 
engineering trade using gears would accept any one standard 
pressure angle only. Taking the automobile industry, for instance, 4 
20-tooth minimum pinion was adopted by leading makers, and for 
change-speed gears a pressure angle of about 18 deg. would be sutli- 
cient to extend the involute to the working depth of the teeth without 
undercutting. It would also enable all existing machines in motor- 
car works to cut interchangeable gears, providing their cutters were 
formed on an 18 deg. angle basis. 

An 18-deg. angle involute toothjwas much stronger than the !43 
deg. Brown and Sharpe standard tooth. which was the one generally 
adopted by the motor-car manufacturers, and owing to the involute 
being extended the wheels would run more quietly and last longer. 
The outward pressure would, however, be slightly increased above 
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_ the Brown and Sharpe standard, but it would be less than a 22-deg. 

angle. Again, in the printing machine and many other industries, 
the smallest pinions had more than twelve teeth, and a pressure angle 
of less than 22 deg. would be a great advantage owing to the fact that, 
when wear had taken place there was not so much back-lash and the 
machines registered more accurately. 

The above suggestions appeared to the writer to be the first 
steps in the right direction leading up to the far more important and 
the much-desired object of producing perfectly silent running gears. 

In the writer’s paper on Spur Gearing, read before the Institution at _ 
the Summer Meeting in Bristol of July 1908, he described a method | 
of grinding the involute teeth of gear wheels. Since then he had con- 
tinued his experiments, which he believed to be the best way of pro- 
ducing correct involute teeth and silent-running gears, and hoped 


shortly to make the results known. a 


R. M. Nerson! wrote that, in view of the necessity of having max- 
imum efficiency and a small angle of pressure in many cases where ~ 
high powers were required to be transmitted, as, for example, in the 
propulsion of ships, it would appear to be advisable to have two stand- 
ard types of teeth—one being of a nature to allow of the teeth being : 
cut with a disc cutter for any number of teeth per wheel down to — 
about 12 (or possibly less than 12), while the other would be designed 
for maximum efficiency and contact and a small angle of pressure, but — 
would not be of a nature to allow of execution by a dise cutter except — 
for wheels having a relatively large number of teeth. To attempt to | 
make one standard serve in all cases would force the employment of | 
non-standard teeth in many cases. 


J. R. Wiui1aMs? wrote that in his opinion the suggested increase in 
the angle of pressure, although good, both from the interchangeable - 
point of view and increased strength of the teeth, would have a ten- 
deney to form shoulders on the working base of the teeth; this would, 
of course, increase the pressure on the bearings to a greater extent 
than the theoretical pressure, due purely to the increased angle, and 


would have to be allowed for when calculating the bearing surfaces for 
the shafts. 


'M. I.Mech.E., 45 Hope St., Glasgow, Scotland. 
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J. D. STEVEN wrote that, in reply to Mr. Vernon the conclusions 
and opinions stated bore some evidence of having been arrived at 
without due consideration of the knowledge we already had on the 
subject of gearing. With regard to silence in gears, the all-important 
points were accuracy in the machine, inthe cutters, and in the methods 
of the operator who worked the machine. There was support for this 
statement in Mr. Gabriel’s contribution, where he said that “nine- 
tenths of the trouble with noisy gears can be attributed to improper 
cutting.”” It was possible that the accuracy required was of a 
degree unnecessary for ordinary commercial work, and impossible 
for it on the score of expense. As it could be obtained, however, 
there was no reason why the question of an interchangeable gear 
system might not be considered apart from the silence problem, 
although Mr. Vernon appeared to object to this course. 

Mr. Vernon stated that the experiments made by his firm in con- 
nection with gearing yielded little positive result. Whether this were 
the case or not, it seemed slender evidence on which to base the assum))- 
tion that other investigations had proved equally futile in obtaining 
the information for which they were undertaken. He entirely disa- 
greed with Mr. Vernon’s view that what knowledge of gearing now 
existed was held by one American firm, and he did not think that this 
firm would for a single moment make any such claim on their own 
behalf. They had published books on the subject, their shape was 
so well known as to be spoken of as standard in many quarters, and 
original cutters could be produced from gages laid out to their figures, 
as was done in the author’s own tool-room every day. 

He was glad to see that Mr. Vernon and he were in agreement 
with regard to one point, and that was, they both recognized that 
there was no uniformity of opinion, and that everybody had more or 
less his own ideas on the subject of gearing. It was only by discussion 
on the subject that interest could be gradually aroused, and in the 
end possibly some uniform standard arrived at. 

In reply to Mr. Gabriel he quite agreed in giving credit to Messrs. 
Brown and Sharpe for their work. Nothing was said in his commuu- 
nication, however, to alter the author’s opinion as to the limitations 
of the Brown andSharpe form. In his experience, which had not been 
as extended as he would wish, he had failed to observe the rapid wear 
which was stated to occur in gears of a greater pressure angle than 
143 deg. 
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He felt that Mr. Burlingame’s long familiarity with Messrs. Brown 
and Sharpe’s methods was bound to make him doubtful about the 
advisability of change. He had personally no bias in favour of any 
particular shape, but he had certainly found that the 20-deg. stul) 
form gave excellent results on the finer pitches, and saw no reason 
why it should not be suitable for larger gears. The loss by friction, 
which he mentioned on Mr. Lewis’s authority, was hardly sufficient 
to prevent the adoption of a greater pressure angle, if it could be 
shown advisable in other ways. Neither did he (Mr. Steven) think if 
reasonable to object to a new shape because of possible variation in 
center distance, for to obtain the best results this dimension should 
be as correct as all others. 

In reference to Mr. Adamson’s remarks, he (Mr. Steven) saw what 
he believed was the first Sunderland machine made, and was much 
struck with the possibilities of the method. He did not, however, 
set out to describe all makes of gear-cutting machines in his paper, 
the object of which was to suggest an alteration in tooth shape. 
With this object in view he had only touched on a few typical methods 
of cutting. So long as the Brown and Sharpe shape was considered 
standard by a number of engineers, he was sure there was a very real 
difficulty in obtaining smooth running between teeth cut by Brown 
and Sharpe cutters and by other methods, and he used the word as 
a reasonin favour of a newstandard tooth shape. Heregretted having 
had no experience of Lasche’s system to which Mr. Adamson re- 
ferred; but it seemed to him that with 15-deg. pressure angle only, 
there would still be undercut on the smaller numbers of teeth, and 
this would prevent them from being produced on a circular cutter 
machine. He was very pleased to note that generally Mr. Adamson 
agreed with the proportions for teeth suggested in the paper. 

He noted that Mr. Humpage agreed with the author’s suggestion 
for an inereased pressure angle, but proposed to vary this for different 
kinds of gears. The author hardly saw it necessary to have so many 
angles. If it was necessary to have them, the change from the pre- 
sent practice would be expensive to general gear-cutters, owing to 
the number of hobs and cutters required. The same objection ap- 
plied, in a lesser degree, to Mr. Neilson’s suggestion. 

\(r. Williams mentioned the extra wear referred to by previous 
speakers as occurring with greater pressure angles, and he (Mr. 
Stevens) hoped to investigate this point at an early date. 

As most of the contributors to this discussion appeared to consider 


that the subject of tooth shapes was one which was now ripe for inves- 
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tigation, he hoped that the discussion would lead to wider interest 
and more definite conclusions later on. 


Witrrep Lewis wrote that since the paper had been written he 
had had an opportunity to make a short examination of the notes 
taken by Messrs. Green and Doble and from these he had deduced 


some values for the friction of gear teeth which might be given ap- 
asc ; ‘ » 
proximately as in Table 3. 


TABLE 3 FRICTION IN TERMS OF PRESSURE 


In In 
Teeth Journals Total 


20-deg., addendum } module 0.008 0.002 O.01 
224-deg., addendum 7 module. .................. 0.04 0.002 0.012 
144-deg., Brown and 6.0135 | 0.0015 0.015 
Bilgram, 15-deg. special... . 0.0215 0.0025 0.024 


These figures were subject to some variation for speed and press- 
ure and also to correction by Professor Lanza in his review of the 
work done by his students, but he believed them to be substantially 
correct within 0.001 or 0.002. 

They were quite remarkable for the small percentage of power lost 
in friction as well as for the apparent effeet of pinion addendum 
upon the loss sustained. 

The 20-deg. stub teeth with addendum about 0.24 pitch showed 
less than one per cent of friction on the teeth. 

The 22$-deg. teeth with addendum about 0.28 pitch showed 
about 1 per cent of friction. 

The Brown and Sharpe 143-deg. teeth with addendum about 0.52 
pitch showed about 1.3 per cent of friction and the Bilgrim special !5- 
deg. teeth showed over 2 per cent of friction. 

In the latter case the addendum of the pinion was increased con- 
siderably beyond that of the Brown and Sharpe standard and the 
addendum of the wheel was, of course, correspondingly reduced. 

The loss in effect from the long pinion addendum, however, prc- 
ponderated over the advantage of a short addendum on the whee! 
with the resulting increase of loss in friction. But in no instance wa- 
the friction loss of sufficient magnitude to exercise a controlline 
influence upon the type of gear tooth to be recommended or adopte |. 

The loss in the teeth alone he believed to be much less than lied 
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hitherto been commonly supposed, and the high efficiencies obtained 
with teeth of 20-deg. and 225-deg. obliquity should go far toward 

removing the prejudice which had so long resisted a step in the right 
direction toward the adoption of a pressure angle and an addendum 
which would completely eliminate interference between a twelve- 
toothed pinion and a rack. 

When this had been done, there would be to necessity for any 

modification of the true involute form, and we should have a clearly 
defined system of gearing to which any of the methods of gear cutting 
now in use could be easily adapted. 

He said that the above conclusion appeared to be supported by 
Mr. Humpage in the results obtained by him in grinding the teeth to 
perfect involute forms after cutting them, and if this conclusion was — 

sustained by further experiments which Mr. Humpage had in pro- 
vress the results of which we should look forward to with interest, 

the contention that had been made for the necessity of some modi- 
fication of the true involute form to produce quiet running gears, 
would certainly be seriously shaken. Such modified forms certainly 
could not be ground, and since the true involute form was the only one 
which could be treated in this rational way, the survival of the fittest 
would finally settle the question in the right way. 

He had never doubted that silent running gears depended for their 
silence upon the degree of perfection realized in the forming and 
spacing of the teeth. He believed that good workmanship would 
produce perfeet running gears whether they were cycloidal, involute 
or mongrel, 

Brown and Sharpe had certainly been very successful with their 
cipirical cutters simply because they had made them with great care, 
wid the gears which they produced compared favorably with involutes 
or other types, because their standard of workmanship was of the 
lighest class, but the same standard of workmanship when applied 
io nvolute gears would, he believed, produce better results. 

\1e quite agreed with Mr. Gabriel in regard to the need of exhaustive 
tests made by competent engineers with ample funds at their dis- 
posal, but said that the committee was not yet in a position to carry 
tis out and was simply doing its best to arouse the interest needed 
to bring out the needed funds. 

fe was well aware that the apparatus employed might be improved, 
wil did not wish to have the results given above considered as any- 
(ing more than tentative until satisfactory experiments had been — 
made. 
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SYMPOSIUM ON RATLWAY ELECTRI- 
FICATION 


ELECTRIFICATION OF SUBURBAN RAILWAYS 
> 


By F. W. Carter,' Ruasy, ENGLAND 


Non-Member 


Many of the railways of this country have, so far as their subur- 
ban passenger traffic is concerned, been affected very adversely in 
recent years by the great and increasing competition of tramears and 
motor omnibuses. The companies concerned appear undecided at 
present between giving up a great portion of this class of traffic per- 
manently and endeavoring to regain it by electrification of their sub- 
urban lines. The latter expedient, although an expensive one, has 
hitherto invariably been found successful in regaining much of the 
lost traffic, and the problem confronting a company in regard to any 
section of its suburban lines is that of determining whether the expected 
gain from electrification will justify the expense to be incurred. 

2 Modern electric railway apparatus leaves little to be desired in 
the matter of freedom from breakdown, the delays from all causes 
electrical and mechanical, for the month of December 1909 averaging 
about 33 sec. per day per train on the District Railway and only 24 
sec. per day on the Underground Electric Railways tubes. The 
total cost for maintenance and repairs of rolling stock on these lines 
does not exceed 0.6d. per car-mile. 

> There are 18 electric railways at present working in this coun- 
‘ry, ineluding seven tube lines; these comprise about 200 miles 
o! route in all, and are for the most part worked by motor coaches, 
employing a multiple unit system of control. The coaches are gen- 
erally of the saloon type. 


' With British Thomson-Houston Co. 


Presented at the meeting of Tae AMERICAN Society oF MECHANICAL EN- 
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4 In typical suburban service the greater part of the energy input 
is used in accelerating the train, and the energy consumption per ton- 
mile depends principally on the nature of the schedule; in fact, this 
energy consumption is a good measure of the difficulty of a schedule, 
but an even better measure is the uniform acceleration that would 
cause the train to reach the mean running speed in a distance equal 
to the average distance between stations. This acceleration is 
greatest for the Liverpool Overhead Railway’s schedule, a fact which 
explains the high energy consumption per ton-mile actually found in 
this service. A high initial rate of acceleration involves great 
mechanical strains on the bogies, and should not be employed unless 
the difficulty of the schedule renders it necessary. The equipment 
losses during acceleration are of the same order of magnitude in the 
continuous-current and the single-phase systems, in spite of the 
rheostat losses in the former system. 

5 The performance of a given electric train under given conditions 
of suburban service can be very closely predetermined, for the factors 
liable to uncertainty have but small effect on the result. Schedule 
calculations, however, are inadequate by themselves to determine the 
question of the suitability of an equipment, as the limiting features 
are usually connected with the heating of the motors, which again 


depends on the energy loss in the motors. This loss is much greater 


in the single-phase system than in the continuous-current system. 

6 There appears little prospect of general electrification of the 

railways of this country, as no advantage is apparent which would in 
any way justify the expense. It is only in the case of heavy subur- 
ban service that there is prospect of commercial advantage accru- 
ing from electrification, and whilst there may be other local oppor- 
tunities for electrical working, there is at present no indication that 
the steam locomotive can be superseded with advantage for ordi- 
nary main-line work. 
7 The shrinkage of suburban traffic has for several years past 
proved a source of lachrymose complaint at many of the genera! 
meetings of our railway companies. The extensive tramway sy>- 
tems that radiate from most of our large cities provide a conven- 
ient, cheap and comparatively rapid means of transport with whic!) 
the railways are ill-adapted to compete. Where a tramway runs 
directly parallel to a railway, it may be expected to secure the greatcr 
portion of the purely short-distance traffic, and it would seem tliat 
the distances over which its competition is effective are greater thon 
might at first be supposed. At the general meeting of the London 
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& North Western Railway, held on February 19, 1909, the chair- 
man in discussing this point said that, “he would be unwilling to 
say what the distance was (it might be 10 or 12 miles), but after such 
a distance the railway was the more punctual and the more certain 
way for a man to get to his destination. Within the 10 or 12 miles 
the tramway competition was very severe, but beyond that dis- 
tance the railways were not so much touched by the tramways.” 
The advent of the motor omnibus has also affected suburban rail- 
way traffies adversely, particularly in the neighborhood of London, 
the flexibility of its route, its speed and general convenience giving 
‘it a great advantage in ministering to the needs of comparatively 
short-distance passengers. 
8 With the main routes of street traffic worked by tramears and 
auxiliary routes by motor omnibuses, the railways as at present 
operated are at a great disadvantage, and bid fair to lose most of 
their suburban passenger traffic. The second report of the London 
Traffic Branch of the Board of Trade' gives the loss of passengers 
by five railways as upwards of 12,000,000 in 1908 as compared with 
1907, and of 47,000,000 in 1908 as compared with 1902, both figures 
being exclusive of season-ticket holders, and taking no account of the 
increase in the number of long-distance passengers indicated by the 
receipts. 


% The railway companies affected appear for the most part un- 
decided between allowing their short-distance traffic to go, employ- 
ing their energies in fostering the longer-distance traffic, and en- 
deavoring to reduce the effective range of tramway competition 
by electrification of their suburban lines. The latter alternative, 
wherever it has been tried, has invariably succeeded in recovering a 
portion of the lost traffic, besides creating a more desirable traffic for 
longer distances by the improvement of facilities. Whilst it is by 
ho means certain that local electrification would prove the best com- 
mercial poliey in the case of all railways handling suburban traffic, 
ii is the author’s opinion that there is considerable scope for well- 
cisidered electrification schemes in this country. 

\0 Where a suburban railway is regularly used to near the limit of 
i's capacity and there is still possibility of increased traffic, there is 
© ory reason to expect a commercial advantage from electrification. 
sth here and abroad the improved service has always been the 
‘ans of largely increasing the traffic, whilst the capital cost is 


‘Cd, 4988, pp. 38 and 131, 
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further justified by the greater use that can be made of existing lines 
and terminals under electrical operation. The cost of electrification 
should in fact be set against the cost of widening and improving the 
railway to accommodate the traffic in view. 


(Band C/ 


Protit 


Probability of Increase (A) 


T T 
+0 60 80 100 


Increase of traltt« 


Fig. 1 Estimation oF PROFIT 


11 Inthe more usual case, however, the management of a railway 
are compelled to estimate the chances of success from far less certai!: 
data. Consider, for instance, the line from Birmingham (New Stree!) 
to Sutton Coldfield and Four Oaks. It passes through a populous 
and growing residential district, feeding also one of the most besu- 
tiful pleasure resorts of Birmingham people. The present trans, 
of which there are about 30 per day in each direction, make a schedule 
speed, including stops a little over a mile apart, of approximately 
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8 mi. per hr., the grades being rather severe. As the whole distance 
in question is little more than eight miles, it is small wonder that the 


tramway, which now parallels the line for a considerable distance and 
offers a frequent service at low fares, takes the greater part of the 
traffic so far as it extends. Although the population served has 
largely increased in recent years, the passenger traffic on the railway 
appears to have decreased considerably since the opening of the 
tramway, and will doubtless decrease still further as the tramway is 
further extended. If this section of the railway were electrified, 
the schedule speed might be increased by 30 per cent or 50 per cent 
and trains run every 15 min. or so throughout the day, say two-coach 
trains during hours of light traffic and six-coach trains during the 
busy hours. The capital cost of electrification and the expense of such 
electrical working could be very closely estimated. The real difficulty 
which confronts the management is in estimating the increase in re- 
ceipts which would accrue from the improved facilities. This is an 
economic problem to which no certain answer is possible. So many 
considerations enter into the matter that experience in one locality 
is no sure guide in making an estimate for another. 

12. The appropriate method of treatment for any such problem in 
estimation is provided by the theory of probability. If from the 
experience of other electrified lines, and from knowledge of the par- 
ticular district, such a curve as A (Fig. 1), can be improvised (the 
abscissae of which represent the increase of passenger traffic resulting 
from a certain improvement in facilities, whilst the ordinates are 
proportional to the probability of such increase), the probable value 
of the advantage of providing the improved facilities can be deduced. 
Assuming the operating and ‘capital expenses known, the net profit 
with any particular traffic can be deduced. Let the increase of 
profit above the old method of operation be represented by curve 
B, and deduce curve C, whose ordinate is the product of the ordi- 
nates of curves A and B. Then the area of curve C, as compared 
with that of the probability curve A, gives the probable value of 
ihe advantage of providing the improved facilities. While the prob- 
ability curve may be subject to considerable uncertainty, the result 
of such ealeulation as indicated above, if properly interpreted, is 
likely to be of much greater value than a figure derived from a 
simple estimate of the increase of traffic. 

\3 It has generally been found hitherto that the increase in traffic 
due to electrification has exceeded the estimates formed of it. Thus 
at the February 1905 meeting of the Lancashire & Yorkshire Rail- 
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way Company, the chairman stated, concerning the electrified 
Liverpool-Southport line, that “the increase in the traffie had ex- 
ceeded their most sanguine expectations.”” At the February L906 
meeting of the North Eastern Railway Company, the deputy chair- 
man, referring to the Tynemouth electrification, said that “in the 
last half of 1903, with steam traction, they had 2,844,000 bookings, 
and in the last half of 1905, with electric traction, they had 3,548,000, 
an increase of, in round figures, 25 per cent. In 1903 the gross amount 
of money earned with steam traction was £129,000, and in 1905 with 
electric traction the gross amount of money earned was £151,000, 
and they had run in 1905 twice as many trains as in 1908. In L903, 
to earn the £129,000, the running expenses amounted to £42,761, 
while to earn the £151,000 it cost £47,799, which was only £5000 more 
to do twice the work in 1905 that they did in 19083. He would give 
the figures in another way, as many persons were interested in train- 
mileage cost. In the electric traction on the 31 miles of suburban 
railway in the Neweastle district they had practically doubled the 
train mileage and doubled the accommodation of the public, and the 
running cost per train-mile, allowing for depreciation of stock, etc., 
has been with electric traction about 9d. per train-mile as compared 
with 1s. 54d. per train-mile under steam conditions. They had run 
smaller trains but there were more of them. They were thus able to 
serve the public better and at the same time to make a better profit 
for themselves.”’ At the February 1907 meeting of the North East- 
ern Railway Company, the deputy chairman explained that in the 
last half of 1906 they had carried 4,195,339 passengers on the electri- 
fied lines as against 3,548,206 in the corresponding half of 1905, a 
further increase of 18 per cent, making a total increase of 474 per cent 
as compared with the last half-year that steam operation was exclu- 
sively employed. At the last February meeting of the London, 
Brighton & South Coast Railway Company, the chairman «n- 
nounced that the increase in passengers on the elevated electric line 
between Victoria and London Bridge for the two months, Decem|er 
1909 and January 1910, during which the line had been open, was, 
as compared with the corresponding period of 1908-1909, 440,536, 
or 63 per cent. 

14 It has been stated above that the capital outlay and operating 
expenses can be closely approximated in any particular case. lie 
amount will depend largely on the difficulty of the proposed se)id- 
ule. It is in the power of electricity to improve very greatly on ‘he 
performance of steam trains; but the greater the improvement, | he 
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higher the capital and operating costs and the greater the attractive- 
ness of the line. It is a matter of nice estimation and computation 
to determine what improvement of service will result in the greatest 
commercial advantage to the railway. The Tynemouth lines and 
the Liverpool-Southport line do not differ greatly in the distance 
between stops. The schedule speed is however considerably higher 
on the Liverpool-Southport line, and the effect of this on operating 
expenses is to some extent revealed in the above extract from the 
statement of the North Eastern chairman as compared with that 
of the Lancashire & Yorkshire chairman at the February 1906 
meeting: ‘they found after a full year’s experience that the cost of 
electric working, as they had expected, was, when proper allowances 
were made for the depreciation of the more costly plant, slightly 
higher per train-mile run” (than that of a steam working). Ocher 
features doubtless affect the comparison,! but the greater portion of 
the difference in running cost can probably be ascribed to the differ- 
ence in the schedule speeds. 

15 The electrification of a steam railway can of course be con- 
sidered commercially expedient only when the estimated net profit 
under electrical operation exceeds that under steam operation by 
more than the interest on the extra capital involved. It is chiefly the 
burden of capitalization which limits electrification to lines of heavy 
traffic. The extent of the burden is in practice very variable. The 
total capital involved in the Tynemouth electrification to date is 
approximately £244,000, and the annual electrical train-mileage, 
1,215,0002; taking the interest at 4 per cent, which appears to be 
about the average value of railway investments here, the capital 
burden is seen to be about 1.93d. per train-mile. Again, the capital 
involved in the electrification of the South London elevated line has 
been given as approximately a quarter of a million sterling® and the 
yearly train-mileage is at present some 375,000, to be eventually 
increased to approximately 585,000 miles.4| The burden of the capi- 
tal is therefore about 6.4d. per train-mile at present decreasing to 
4.1/. if the improved service can be realized without adding to the 
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‘rom Board of Trade Railway Returns, 1908, it would seem that the coaches 
per train average 3.4 for the L. & Y. Railway, and 3.1 for the N. EF. Railway. 
Sec also President’s Address, Proc. I. Mech. FE., 1909, Pt. 2, p. 432. 

‘oard of Trade Railway Returns, 1908. 


‘Ulectrical Review, vol. 56, p. 953. 
‘Light Railway and Tramway Journal, vol. 22, p. 17. a wer 7 
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capital expense.! The capital burden in the case of the Mersey 
Railway has been given as 4.3d. per train-mile, and in the case of the 
Lancashire & Yorkshire electrified lines as about 2d. per train- 
mile.2. These two cases of course include generating station, which 
is absent in the first two. 

16 An indispensable requirement to the success of any system for 
working suburban traffic is immunity from all forms of breakdown 
competent to delay the service. In this respect modern electric 
railway apparatus, the design and construction of which has been 
developed by arduous experience, if chosen with reference to the 
nature of the service and maintained with care, leaves little to be 


TABLE 1 TRAIN DELAYS, DECEMBER 1909 


District Tubes* 


Total number of train-miles 401,295 499,908 
Total sumber of delage (all causes). 303 

Total time lost by delays, min 1186 

Train-miles per delay : 1324. 

Train-miles per min. lost SEAN 338 

Total number of delays due to on the | 54 

Time lost due to electrical troubles on the trains, min 1354 7 
Train-miles per electrical delay.................0e0e000s 7431 23,805 
Train-miles per min. delay on account of electrical 2061 6665 
Average mileage per train per day 185 194 
Average delay per train per day due to electrical troubles on the trains, min. 0.062 0.029 
Average delay per train per day due to all causes, min... : 0.042 


*Baker Street & Waterloo Railway; Great Northern, Piccadilly & Brompton Kailway; 
Charing Cross, Euston & Hampstead Ratiway. 


desired. Even when first installed the troubles are usually of a 
minor character, and the consequent delays unimportant, whilst 
ordinary operation is exceedingly reliable so far as the electrical plant 
is concerned. The author is indebted to Mr. James R. Chapman. 
late Chief Engineer of the Underground Electric Railways Company 
of London for the following figures, giving particulars of all delays 
on lines under the company’s control for the month of December 
1909 (Table 1). The much greater loss of time on the Metropolitan 
District Railway, as compared with the tue lines, is almost entirely 
due to the fact that district trains operate to a considerable extent 


- This would involve running each of the present eight trains an average 
of 73,000 miles per annum. gm 8 
2Proc. Inst. C. E. vol. 179, pp. 42 and 119. 
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over foreign lines, worked for the most part in the interests of steam 
trains. 

17 The comparative immunity from breakdown is duly reflected 
in the low maintenance costs of the train equipments. Mr. Chap- 
man dealt with this subject at a valedictory dinner given in his honor 
on February 7, 1910, on the occasion of his retirement from the posi- 
tion of chief engineer to the Underground Company. He said 
that they (the Underground Railways Company) “owned over 800 
motors, and that every one was the same throughout, no matter 
whether it was working on the district or a tube, under a car or on a 
locomotive, all were interchangeable; and today, several years after the 
original purchase, they were negotiating for some more of the same 
motors to meet the increased traffic requirements of the District 
Railway. On no one of their properties did the cost of rolling-stock 
maintenance and repairs exceed 0.6d. per car-mile. The ten District 
Railway electric locomotives, now five years old, made 1300 mi. per 
day at a cost of $d. per mi. for all maintenance and repairs. ‘Two of 
them coupled handled a London & North Western Railway nine- 
coach train to Mansion House far better than a steam locomotive 
had ever done. The maintenance cost was ld. per train-mile. The 
North Western costs for maintaining a steam locomotive were 4d. 
per mi.; the average cost for all English railways was 34d. per mi. 
Five years after this system had been designed, the Pennsylvania 
Railway had experimented for two years at a cost of $200,000 to 
determine the electric system to be adopted for bringing their trains 
through the Hudson River Tunnel into their magnificent New York 
terminal, and had decided in favor of the same system as they (the 
Underground Railways Company) had today.” 

\8 The railways in this country operated wholly or in part elec- 
trically are 18 in number, working over a total of approximately 
200 miles of route and 410 miles of track. The trains are worked 
by S7 locomotives and 821 motor coaches. The aggregate nominal 
power of the driving motors is approximately 360,000 h.p., of which 
184,000 h.p. is provided by one type of motor alone, namely, that used 
exclusively by the railways operated by or in conjunction with the 
Underground Electric Railways Company, London,! and _ partly 
by the Metropolitan Railway. 

- Of the 18 electric lines 13 are in the London area (including 
The Metropolitan District; Baker Street & Waterloo; Charing Cross, 


Euston & Hampstead; Great Northern, Piccadilly & Brompton; London, s 
Tilbury & Southend; and Whitechapel and Bow Railways. 
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seven tube lines), three in the neighborhood of Liverpool, one at ani 

near Newcastle and one between Heysham, Morecambe and Lan- 

easter. As full details of all the lines have been published (Appendix 

No. 1), there is no necessity to give more than a brief comparative 

summary here. 

20 The oldest of the London lines is the City & South London 

_ Railway, which was not only the first tube railway but one of the 
first electric railways to be constructed, having been opened for traffic 
in 1890. It extends for 8 miles, from Clapham Common to Euston, 
and is carried in a 10 ft. 6in. tube. It is unique among electric rail- 
ways in transmitting high potential continuous current (2000 volts) 
and distributing to the trains by the three-wire system, the up and 

- down track conductors being of opposite polarity, whilst the track 
rails form the middle conductor. The traffie is still worked exelu- 
sively by electric locomotives. 

21 The Waterloo and City line of the London & South Western 
Railway is also comparatively old as electric railways go. It is 
—1§ miles long, and is carried in a 12-ft. tube. The trains are worked 
by motor coaches, mounting for the most part gearless motors, di- 
rectly controlled. The track rails are used as return conductors. 

22 The Central London Railway was the first to employ poly- 

phase transmission of power and conversion to continuous current at 
sub-stations. The line is 63 miles long, and is carried in an 11-!t. 
8-in. tube. The traffic was originally worked by locomotives, but 
is now handled entirely by multiple-unit trains using the electro- 
magnetic system of control, this railway having been the first to em- 
ploy the multiple-unit system of operation. Power is supplied to the 

_ trains by a third rail, and the track rails are used as return conductors. 

23 The Great Northern & City Railway is the only tube suffi- 
ciently large to accommodate main line rolling stock, the minimum 
internal diameter being 16 ft. It is 34 miles long, and is supplied 
with power from a central power station, which feeds directly to pusi- 
tive and negative conductor rails. The trains are of the multiple- 

unit type, using the electro-magnetic system of control. 

24 The Underground Electric Railways Company of Loncon 
operate three tube lines, namely, the Baker Street & Waterloo |i«il- 
way (44 miles), the Great Northern, Piccadilly & Brompton l«\l- 

_ way (9 miles), and the Charing Cross, Euston & Hampstead Rai. iy 
(8 miles). These are all run in tubes of 11 ft. 8 in. minimum dian. \-'. 
Power, which is generated at the company’s great power-statio! «! 
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stations, being distributed to the trains by positive and negative 
conductor rails. The traffic is worked exclusively by multiple-unit 


trains using the electro-magnetic system of control. 

25 The Metropolitan District Railway comprises 25 miles of 
route, but, including running powers, operates over 56 miles in all. 
Of this, 41 miles is supplied with power from Lots Road power station, 
through 15 sub-stations, it being distributed to the trains by positive 
and negative conductor rails. The District trains are of the multiple- 
unit type, using the electro-magnetic system of control. A number 


of foreign trains are brought to the company’s lines at Addison Road 
Station, whence they are hauled by electric locomotives. The White- 
chapel & Bow Railway and the electrified portions of the London, 
Tilbury & Southend and the London & South Western Railways 
are worked in conjunction with the District, using the same or similar 
rolling-stock and their route mileage is included in the 41 miles 


given above. 

24) The Metropolitan Railway has some 26 miles of its lines elec- 
trified. It employs the same system of operation and the same 
location of conductor rails as the Metropolitan District Railway ; the 
Inner Cirele being, in faet, jointly worked by the two companies. 


The Metropolitan Company generate power at their own power- 
station at Neasden, which feeds their lines through nine sub-stations. 
The trains are, for the most part, of the multiple-unit type, both the 


electro-magnetic and the electro-pneumatic systems of control being 


used. A number of trains are made up of the old steam stock and 
hauled by electric locomotives, which also handle the goods traffie over 


the electrified lines. 

27 The Hammersmith & City Railway is a joint Metropolitan 
& (reat Western line. Except on the Metropolitan section between 
Aldgate and Pared Street Junction, the power is supplied by the 
Great Western Company’s power station at Park Royal. The trains 
are of the multiple-unit type, the electro-magnetic system of control 
being used. 

2s The electrified section of the London, Brighton & South 
Coast Railway extends for 83 miles from Victoria to London Bridge 
“tations, via Bruxton. It has the distinction of being the first of 


the London railways to adopt the single-phase system of operation. 
li \s supplied with power at 6600 volts, 25 cycles single-phase, by the 


!..don Eleetrie Supply Corporation, the feeding eables being run 


‘© « central distributing cabin at Denmark Hill through a metering 
coon near Queen’s Road Station. Thence the power is conveyed 
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to a number of switch cabins which feed the overhead track conduc- 
tors. The outer of the concentric distributing cable is bonded to 
ach length of track rail and forms the return conductor. The trains 
are of the multiple-unit type, employing the electro-magnetic system 
of control. 

29 The Liverpool Overhead Railway is one of the oldest of elec- 
tric railways, having been opened for traffic in 1893. It is 7 miles 
long, and carried on an elevated structure alongside the docks. — |i 
is a third-rail line, fed from a power station near its centre. The 
service was reorganized and greatly accelerated in 1902. The trains 
are worked by means of motor-coaches, the motor control being di- 
rectly operated by the driver. 

30 The Mersey Railway has 4} miles of route, connecting Liver- 
pool with Birkenhead by means of a sub-aqueous tunnel. It was con- 
verted from steam to electricity in 1903, largely on account of the diffi- 
culty in maintaining efficient ventilation in the tunnel. Power is 
_ supplied from a central power station directly to the conductor rails. 
The trains are of the multiple-unit type, the electro-pneumatic system 
of control being used. 

31 The Lancashire & Yorkshire Railway have some 28 miles of 
route electrified in the neighborhood of Liverpool. Power is generated 
at Formby power station, and transmitted to four rotary sub-stations, 
whence it is distributed to the third rail, and also to a number of 
battery sub-stations. The return conductor is an uninsulated fourth 
rail, bonded to the track rails. The trains are worked by motor 
coaches, of which the motors are for the most part directly controlled 
_ by the driver, although a few multiple-unit trains have recently been 
introduced, using an electro-magnetic system of control. 

32 The North Eastern Railway have about 30 miles of electrified 
route in their Tynemouth lines. Power is bought from the Newcastle 
Electric Supply Company and transmitted three-phase to the five 
sub-stations which feed the conductor rails. The track is used as 
return conductor. The trains are of the multiple-unit type and employ 
the electro-magnetic system of control. Some of the later coaches 
are equipped with commutating-pole motors, the North Eastern 
being the first railway in the country to use this type. A quantity 
of fish and parcel traffic is handled by special motor-vans, whilst ‘wo 
electric locomotives handle goods trains, particularly on the Quayside 
line. 

33 The Midland Company’s electrified line at Heysham is 4! 
interurban one of an experimental nature, it being the first sinu!e- 
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phase railway opened for traffic in this country. It comprises some 
eight miles of route, and as there are only three stations, the average 
length of the run is about four miles, so that the service has little in 
common with that on a suburban railway, lacking the features which 
go to make the latter class of service particularly difficult to operate. 
The line is fed from the harbor power station at Heysham. The trains 
are of the multiple-unit type, both the electro-magnetic and the 
electro-pneumatic systems of control being used. 

34 It will be seen that by far the greater portion of the electrically 
operated traffic is worked by motor coaches rather than separate loco- 
motives. This method of operation is peculiarly adapted for work- 
ing suburban railways and will no doubt remain the standard. The 
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chief advantage of locomotive operation is that the greater portion 
of the electrical apparatus is immediately under the eye of the 
driver. If the apparatus were less immune from breakdown this 
would be worth making considerable sacrifice to attain, but practi- 
cally the advantage is small, as balanced against the advantages of 
motor-coach operation. The multiple-unit system of control in which 
the motors on any bogie and the corresponding motor controllers 
form a unit (all such units on a train being operated from the driver’s 
cab) is practically universal in the latest equipments, as well for 
locomotives as for motor coaches. Most of the multiple-unit trains 
used on surface lines carry the motor-controlling apparatus sus- 
pended on the underframe of the motor coach. In the case of the 
tube lines, however, it is invariably located inside the motor coach, in 
order to be accessible in case of emergency. In the smaller tubes the 
control compartment is placed over the motor bogie on a raised plat- 
form. 

35 Most of the passenger coaches are of the saloon type; there is, 
of course, nothing in the nature of electrical working to render this 
type of coach indispensable, although the shortness of the station 
stops and the high rates of acceleration usual in electrical service, 
render it preferable from the operating point of view. Some of the 
most popular of the Metropolitan Railway trains, however, are of 
the compartment type, being bogie trains, dating from the time of 
stein operation, converted for electrical working. These trains 
consist of seven coaches, of which the end ones are motor coaches; 
they weigh, unloaded, some 172 tons and seat 400 passengers (120 
firsi class and 280 third class). The controlling apparatus is located 


“tramway and Railway World, vol. 20, p. 325. 
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in what was formerly the guard’s compartment, of wnich the fore-end 
forms the driver’s cab. 

36 The London, Brighton & South Coast Railway have sought 
to combine some of the advantages of both types of coach in the new 
rolling-stock for their South London Elevated Electric line. The 
coaches are of the corridor type, being divided into compartments, 
and having side doors, but having a corridor running the length of 
the coach for distributing the passengers. The trains consist of three 
coaches, of which the two end ones are motor coaches; they weigh 
unloaded some 138 tons and seat 188 passengers. 

37 Although most of the railways in this country employ the 
vacuum brake, the electric railways, with the exception of the Lanca- 
shire & Yorkshire and the Midland, have adopted the Westinghouse 
type of brake. The chief reason for this is that compressed air can 
be stored to take off the brakes at a moment’s notice. If the vacuum 
brake be employed it is necessary to use a rather large exhauster, in 
order to fulfil the funetion of the large ejector on a steam locomotive 
in producing a vacuum rapidly. The space and material are, there- 
fore, not used to advantage in this system as compared with a press- 
ure system. The locomotives used on the London Underground 
Railways, having to work trains of all kinds, are fitted to use either 
system. 

38 In suburban service the greater part of the energy expended is 
used in giving speed to the train and is ultimately dissipated in the 
brakes. Other things being equal, therefore. the more frequent the 
stops the greater is the energy required per mile, and the more diffi- 
cult the service. The energy consumption per ton-mile, unless ab- 
normal, is, in fact, a very good measure of the difficulty of a service. 
If this were more generally realized the world might be spared some 
of the absurd comparisons of energy consumption between different 
systems, in which credit is claimed for obtaining a low energy 
consumption, which is really due to comparatively easy service. As 
the author has pointed out elsewhere,! the figures derived from test 
of 42 watt-hr. per ton-mile for the energy-consumption of the Central 
Lowton Railway trains and 137 watt-hr. per ton-mile for the Liver- 
pool Overhead Railway trains, are strictly comparable and indicate 
no more than totally different services on totally different railways. 

») If it be granted that the natural and normal energy consump- 
tion per ton-mile is a reasonable measure of the difficulty of a schedule, 


‘Proc. Rugby Engineering Society, vol. 6, p. 39; Electrical Engineer, vol. 


43, p. 308. 
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an even more reasonable measure is to be found in a certain acceler- 
ation immediately expressible in terms of the particulars of the ser- 
vice, namely, the acceleration that would cause the train to reach a 
speed equal to the mean running-speed in a distance equal to that 
between stops. This is merely a dynamical result, and in order to 
show it, let Figs. 2 and 3 represent speed-time curves corresponding to 
two schedules, the curves being such that that of Fig. 3 is simply that 
of Fig. 2 magnified twice in every direction. The distance represented 
in Fig. 3 is then four times that in Fig. 2. At corresponding points 
P on the two curves, the acceleration, and therefore the tractive effort 
per ton necessary to produce it, will be the same. The power per 
ton required at P to produce the acceleration, being proportional to 
the tractive effort and speed, is twice as great in Fig. 3 as in Fig. 2. 
The energy per ton required to accelerate between corresponding 
points P and Q, being proportional to the power and to the interval 
of time, will be four times as great in Fig. 3 as in Fig. 2. But the 
distance is also four times as great, and thus the energy per ton- 
mile used in accelerating (probably some two-thirds of the whole) 
is the same for the two services. If the mean train-resistance per 
ton were the same for the two curves, the energy per ton-mile required 
to overcome the resistance would also be the same, and we might then 
assert that the total energy output per ton-mile would be the same 
in the two cases. As it is, there is a small error affecting a compara- 
tively small portion of the energy, which will have to be neglected. 
This is in general of little consequence in cases in which it would be 
_ expedient to employ the result, that is, in suburban service, where a 
C ratio of four to one in distance with similar speed curves is, of course, 
a very exaggerated case. It will be seen that the acceleration re- 
ferred to above, which will be called the specific acceleration of the 
schedule, is the same for the two curves, being the square of the mean 
_ running speed divided by twice the distance. It will also be seen that 
the method is perfectly general: so long as the speed-time curves for 
_ two services are similar the specific acceleration will be the same, and 
the energy output of the equipments practically the same. It fol- 
lows that of two services, that having the higher specific acceleration 
may be expected to show the higher energy consumption per ton- 
mile. Also that if two services have the same specific acceleration 
but differ in energy consumption the higher can be reduced, in so far 
as it is not due to lower equipment efficiency, by running so as to 

assimilate its speed-time curve to that of the lower. 
40 The specific acceleration of a schedule is a better index of the 


F. W. CARTER co 869 


difficulty of the schedule than the energy consumption, inasmuch as 
it is independent of the equipment efficiency and of the particular 
manner of running the schedule, in effect reducing equivalent ser- 
vices to the same mode of operation. This, of course, presupposes 
that the line is not specially graded to reduce the difficulty of opera- 
tion. The Central London Railway, for instance, was so laid out 
that each station is at the top of a grade; thus energy that would 
otherwise be dissipated .by the brake shoes is stored and used for 
accelerating, making the line easier to work and the energy consump- 
tion lower than would be indicated by consideration of specific accel- 
eration alone. 


> 


TABLE 2 CHARACTERISTIC SCHEDULES 


Ave’ Specific 
Average 
Schedule speed accelera- 
distance Time of 
speed, mi. excluding tion, mi. 
between 


stop, sec. 
1. 
per hr stops, m per hr 


Liverpool Overhead 
Liverpool-Southport 
Underground, Inner Circle 

Baker Street and Harrow 

South London Elevated. . 
Hammersmith and City 

North-Eastern, Tynemouth 
Midland, Heysham-Morecambe.. . 


*Assumed. 


11 ‘The above is an application of a method which the author has 
more fully elaborated elsewhere. Table 2 gives some characteristic 
schedules arranged in order of difficulty as indicated by the specific 
acceleration. 

42 A difficult service (in the sense of a service in which the specific 
acceleration is high) is one in which it is advisable, in the interests 
of low energy consumption, to employ high rates of acceleration and 
retardation; in an easy service this is of smaller consequence and 
hardly worth securing at the cost of heavy mechanical strains on the 
bogies, ete., with the great draft of power incident to the use of a 
high rate of acceleration. The account of the tests on the Liverpool 
Overhead trains indicated a maximum rate of acceleration of 4.2 


‘ft. per see2 (2.9 mi. per hr. per sec.), and this is perhaps as high as it 


"Trans, A. I. E. E., vol. 20, p. 991; Journal Proc. Inst. E. E., vol. 36, p. 240. 
‘The Engineer, vol. 93, p. 284. 
Ad 
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35 30 15 33.4 0.125 oan 
55 15.7 20 19.2 0.108 
0 23 20 26.6 0.104 ‘ 
10 21.5 20 25 0.101 
30 16 20 19.2 0.096 
10 14.7 20 17.7 0.090 
0 20.5 30 24.1 0.071 
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is advisable to employ in service. The author has a record of a run 
actually made with a coach carrying a motor on each axle, in which 
an average rate of acceleration of 4.2 mi. per hr. per sec. was main- 
tained until a speed of 21 mi. per. hr. was reached (Fig. 4). The test 
was made with a view of showing the possibility of electrical equip- 
ments in this connection, and the acceleration was certainly faster 
than would be considererd comfortable to passengers. 

43 During the period of acceleration by controller notching, 
considerable energy loss is inevitable in the equipment. Jn the 
continuous-current system the average equipment efficiency during 
notching is usually only about 57 per cent, the remaining 43 per cent 


Input, HP. 


Seconds 


4 Tratn CHARACTERISTICS 


being lost in the motors, rheostats, etc. It has been hastily assumed 
by some that the avoidance of rheostat losses in the single-phase 
system would result in much lower losses and higher mean efficiency 
during notching. That this is an unwarranted conclusion is shown 
by the authors of a recent paper on the Heysham electrification,’ 
. who, although by no means blind to the merits of the single-)ase 
system, found as the result both of test and calculation, that the :ean 
_ efficiency of the equipment during notching was only 56 per cent in 
the cases considered. The efficiency after notching is of course con- 
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| 
4 
: 
| | | 
a) 4 8 12 16 20 ot 


F. W. CARTER — 871 


siderably higher for continuous-current than for single-phase equip- 
ments. 

44 The claim that the performance of a suburban electric train 
can be very closely predetermined may seem an extravagant one, until 
it is considered how very few are the conditions on which it depends. 
The relation between the tractive effort and speed of a given motor 
is perfectly definite, but subject to small known variation with tem- 
perature, at any given voltage, as is the current taken, whilst different 


motors of the same type agree closely in their characteristics. Assum- ° 


ing the train known as to weight, size, etc., the resisting forces due 
to grades, inertia and train resistance are known. It, therefore, re- 
quires a dynamical calculation of no great difficulty to determine the 
effect of the motors on the train for any particula rroute or schedule. 
The quantities most likely to be subject to some uncertainty before- 
hand are the voltage at the train and the train resistance. In sub- 
urban work, however, a small error in these has but little effect either 
on the schedule speed or energy consumption. Perhaps an idea of 
the accuracy with which the running can be predetermined will be 
best conveyed by disclosing that the author’s practice, in making a 
guarantee of energy consumption, is to compute it as closely as pos- 
sible under the expected conditions of test and add 5 per cent to cover 
bad driving and other unforeseen contingencies. Such a guarantee 
would, of course, be of little use unless accurate instruments were 
available for making tests. Train-testing instruments should be 
specially designed for the work, so as to secure exceptionally large 
torque and heavy damping. The delicacy of ordinary stationary 
instruments renders them useless for train-testing where they are 
subject to great vibration in all directions. 

45 These schedule calculations are easy and commonplace but 
quite inadequate by themselves to determine whether an equipment 
is suitable for a given service. More important in this connection 
are the ealeulations involving the magnitude and distribution of the 
losses in the motors, with the facilities for transferring and dissi- 
puting the heat generated. Such calculations are, however, almost 
necessarily confined to the designers of equipments, as the data on 
Which they are based are not generally available. In order to give 
—— idea of the quantities involved, it may be stated that the ulti- 
' temperature rise of the hottest accessible part of an ordinary 
“rai matte motor, totally enclosed and without forced ventilation, as 
_ Measured by centigrade thermometer after continuous service, is 
Piven by 
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T =7Ww-! 


where W is the mean motor loss in service (not including gear loss) 
in watts, and w is the weight of the motor in lb., excluding gear sn 
gear case. The motor losses in suburban service usually take from 
6¢ per cent to 7 per cent of the input to the driving equipment, that 
is motors and rheostats, in the continuous-current system, and from 
15 per cent to 18 per cent of this input in the single-phase system 
The great motor losses incident to the single-phase system form the 
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foundation of all the objections raised to the use of this system for 
suburban service.! 

46 The heating of the motors has always been a limiting feature 
in the design of equipments for this class of service, and the practi- 
sable and desirable means of dealing with it are well understood. ‘The 
use of forced draft for cooling the motors whilst practicable for 
locomotives and single cars, is quite out of place on multiple-unit 
trains intended for suburban service, where, since the equipment 


'Proc. Inst. E. E., vol. 36, p. 253; also Proc. Inst. C. E., vol. 167, p. $5, and 
vol. 179, p. 138. 
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may not be inspected for hours together, it cannot fail to lead to break- 
down, increasing maintenance charges and causing delays to traffie.! 

47 Fig. 5 gives speed, power and motor-loss curves-corresponding 
to typical suburban schedule runs with continuous-current and with 
single-phase equipments, the former of which carries 20 tons per 
motor and the latter 23 tons. Figs. 6 and 7 show the corresponding 
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deoter characteristics. It will be seen that the great difference be- 
twecon the systems is in the motor loss, which amounts to 6.75 per cent 
of ‘he input in the continuous-current case and to 17.8 per cent inthe 
sinule-phase ease. Although both motors are dynamically capable 
of working the service, the former alone has sufficient thermal capacity 
for the purpose, the other having to dissipate three times as much 
elierey as it can get rid of by natural cooling. 


‘/leetrie Traction on Railways, by Philip Dawson, p. 165. 
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48 The author has confined his remarks to the subject of suburban 
electrification, inasmuch as there appears little prospect at present 
of general electrification of railways in this country. The proper- 
ties which give to electrical working its predominant advantages in 
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the case of heavy suburban service become of minor importance when 
the distance between stops is considerable and the service infrequent. 
This matter was dealt with by Mr. Aspinall in his Presidential adress,’ 
and having also been recently discussed by the author? nec! not 


'Proc. I. Mech. E., 1909, pt. 2, p. 425. 3 


*Proc. Rugby Engineering Society, vol. 6, p. 47; Electrical Engineer, 1, 43, 
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be further pursued. Whilst it is, perhaps, gratifying to the electrical 
engineer to reflect that he can propose means fully competent to 
work the whole railway traffic of this country and can offer three 
distinct methods of doing it, it is futile as things are to regard the 
problem of electrification from any other point of view than that of 
the ultimate commercial advantage of the railway companies. The 
author’s investigations have convinced him that in this country at 
least the commercial advantage is only demonstrable in genera! in 
the case of heavy suburban service. Even here it should not be taken 
for granted, for the margin in favor of electrification is by no means 
overwhelming. This much can be affirmed, however, that where 
there is any considerable suburban traffic, an investigation of the 
cost of electrification and the economic results of providing improved 
facilities will repay the trouble and exper me, and in many cases, justify 
proceeding with the conversion. 

49 It will be understood that the above remarks are intended to 
apply to the electrification of existing steam-operated lines. The 
case of entirely new railways is different and much more favorable to 
electrical operation. In laying out a new branch to an existing rail- 
way again, it may be well worth while to consider electrical operation, 
the capital cost of which might be more than saved in the cheaper 
roadbed, since steep grades are much less objectionable on an elec- 
trical than on a steam road. Of course, there are likely openings for 
local electrification on existing railways even apart from suburban 
systems. It might, for instance, be found profitable to work the 
pushers on the Bromsgrove incline electrically. It is quite possible, 
again, that where electric power is already available at goods yards 
and docks, the shunting could be more efficiently carried out by 
specially designed electric locomotives, fed perhaps by a suitable 
surface-contact system, than by steam locomotives, that would 
seem to be uneconomical 'for such work. For ordinary main-line 
work, however, there is at present no indication that the steam 
locomotive can be superseded with advantage in this country. 
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50 Following are references to selected articles, papers, ete., where further 
particulars of British Electric Railways can be found: 
a Crry & Sovurn Lonpnon Ratway 
Electrician, vol. 48, pp. 166, 256, 337, 529, 564, 654, 774; Journal 
Inst. E. E. vol. 33, p. 100. 


Warertoo Crry & Ratway 
Proc. Inst. C. F., vol. 139, p. 56; Tramway and Railway World, 
vol. 17, p. 247. 


@ 
c CENTRAL LONDON RAILWAY 
Traction and Transmission, vol. 7, p. 265, and vol. 8, pp. 60 and 


oe 
a 140; Electric Railway Engineering, by Parshall and Hobart. 


@ee 

Great Nortuern & Crry 

uy! Electrical Review, vol. 54, pp. 134, 179, 344; Street Railway Journal, 
vol. 23, p. 340. 
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BAKER STREET & WATERLOO RAILWAY 
Tramway and Railway World, vol. 19, p. 197. 


f Great Nortuern, Piccapttty & Brompron RAILWAY | 
= Tramway and Railway World, vol. 20, p. 527. 


g CuarinGc Cross, Euston & Hampstead Ratiway 
Tramway and Railway World, vol. 22, p. 1. 


h Lonpon UNDERGROUND RAILWAYS 


Street Railway Journal, vol. 25, p. 388. i 


MetropouitaAN Districr RatLway 
Tramway and Railway World, vol. 17, p. 97. 


j Lonvon, Trnpury & SourHeND 
Tramway and Railway World, vol. 23, p. 342. 


k Merrorouiran RatLway 
Electrician, vol. 54, pp. 340, 381, 417, 473; The Engineer, » 01. "". 
pp. 158, 183, 202, 253; Tramway and Railway World, \0 | 


a p. 325, and vol. 22, p. 204. 7 
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ITAMMERSMITH & CrTy RAILWAY 
Tramway and Railway World, vol. 22, p. 89. 


LONDON, BricguTron & Souru Coast Ratway 
Kleetric Traction on Railways, by Philip Dawson. 
aa 
LIVERPOOL OverRHEAD RAILWAY 
Klectrician, vol. 30, p. 421; The Engineer, vol. 93, p. 284; Electrical 
Review, vol. 51, p. 20. 
LANCASHIRE & YorkKsSHIRE RAILWAY 
The Engineer, vol. 97, pp. 275, 321, 338, 357, 388; Proc. Inst. M. 
K., 1909, Pt. 2, p. 423 
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Proce. Inst. C.E., vol. 179, p. 19; Journal Inst. , vol. 33, p. 979. 


NortH RAILWway 


‘Tramway and Railway World, vol. 15, p. 17, 


RaAtLway 
Proc. Inst. C. E., vol. 179, p. 47; Tramway and Railway World, 
vol. 23, p. 437. 
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COST OF ELECTRICALLY-PROPELLED 
SUBURBAN TRAINS 


By H. M. Hopart,’ Lonpon, ENGLAND 
Non-Member 


51 Electrical propulsion permits of increased speed and capacity, 
relieves congestion, and increases revenue, for suburban passenger 
traffic, and permits of the retention of steam-locomotive methods for 
long-distance traffic. 

52 Different systems of electrical propulsion of suburban trains 
vary greatly as regards the capital outlay per train and also as re- 
gards the consumption of electricity per train-mile; consequently in 
any project for electrical working, it is necessary, not only to compare 
electrical with steam locomotive methods, but also to compare 
alternative electrical methods. 

53 Preliminary cost estimations are facilitated by assuming that 
the railway purchases its electricity from electricity-supply companies 
who themselves own all works up to the distributing system and 
who supply the electricity in the form in which it is consumed by the 
train. 

54 The chief items of cost, which are different from those en- 
tailed by steam-locomotive methods and which are different with 
different electrical systems, are: 

a The cost of the electricity. 

b The annual charges for the rolling stock. | 

c The cost of the distributing system (overhead trolley line 
or conductor rails and the feeders) between the points 
where the electricity-supply company delivers the elec- 
tricity, and the trains. 


lk. ‘he purposes of the paper the assumption is made, with reserva- 

ti that item ¢ is independent of the particular electrical system 
*waldestre House, Norfolk Street, Strand, London. 
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employed, and the estimates are narrowed down to items a and b, 
which, for suburban passenger trains, usually absorb some 35 to 40 
per cent of the gross receipts. 

55 ‘The two electrical systems subjected to comparison are the 
systems employing series-wound, continuous-electricity train equip- 
ments, termed the continuous system, and the single-phase system. 
Continuous equipment provides, per ton of equipment, 11 h.p. at 
the axles, averaged over the journey, as against 6 h.p. per ton in the 
case of single-phase equipment.. In both cases the cost is some 
£125 per ton of electrical equipment. For a service where trains 
pass in each direction at intervals of some 12 to 15 minutes, repre- 
sentative figures for the cost of the electricity as delivered to the rail- 
way company in the required form, that is, from the sub-stations 
are: 0.87d, per kw-hr. for continuous electricity and 0.70d. per kw- 
hr. for single phase-electricity. 

56 Taking into account that the total consumption, after allow- 
ing for non-remunerative train movements and for unavoidable 
departures from the regular time-table, is some 30 per cent greater 
than the consumption per recorded train-mile, the cost of electricity 
per recorded train-mile is, for 180-ft. trains, shown to amount, for 
single-phase trains, to from 10d. to 15d. per train-mile, and for con- 

tinuous trains, to from 10d. to 13d. per train-mile. The lower values 
are for a 22-mi. per hr. 1l-stop per 0.88-mi. service, that is, for a 
comparatively moderate service; and the higher values are for a 30- 
mi. per hr. l-stop per 1.32-mi. service, that is, for a decidedly severe 
service. 

57 The annual charges for the rolling stock for these two services 
amount to from 8.6d. to 10.5d. per train-mile for the single-phase 
trains and to some 6d. per train-mile for the continuous trains. 

58 The cost of the electricity plus the annual charges for the 
rolling stock, that is, the sum of the above two items, is, in the case 

s single-phase trains, some 3d. higher per train-mile for the mod- 
erate service and some 6d. higher for the severe service, tha the 
corresponding costs for continuous trains. 

59 Fixing ideas by assuming the gross receipts in these ca-:s to 

be 50d. per train-mile, the single-phase system, compared wit!) the 
continuous system, absorbs, for the two items in which the select on of 
the particular electrical system affects the question most gre: ‘ly, 6 
per cent more of the gross receipts in the case of the modera’« ser- 
vice and 12 per cent more of the gross receipts in the case «{ the 


severe service. 
we 
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60 The estimates worked out in the paper show that, for sub- 
urban passenger traffic, the continuous system has very decided com- 
mercial advantages over the single-phase system, and these advan- 
tages are greater the more severe the service, that is, the greater the 
schedule speed and the shorter the distance between stops. This is 
the precise class of work where electrical methods afford to railways 
commercial advantages which are unattainable by steam locomotive 
methods. For services where there are many miles between suc- 
cessive stops and where a considerable time elapses between the pas- 
sage of successive trains, the use of steam locomotives permits of 
commercial advantages which are unattainable with any electrical 
systems comprising the feature of transmitting the energy to the train. 

61 Preliminary Considerations. The commercial aspects of apply- 
ing electricity to the propulsion of suburban trains involve many fac- 
tors and the thorough investigation of any one of these factors re- 
quires careful study. In the present paper the author’s aim is to focus 
attention chiefly on the rolling stock, but it must not be inferred that 
he implies that the other factors affecting the total cost are of minor 
importance. It is absolutely insufficient to approach the subject of 
electrification from the standpoint that it resolves itself into 
a mere question of contrasting electric propulsion with steam loco- 
motive propulsion. Were it not for conditions relating to the 
large amount of capital already invested in steam railways, it is 
certain that the merits of electrical methods, would, so far as con- 
cerns suburban passenger traffic, lead to their general adoption. But 
the great. cities of the world are already very liberally supplied with 
steam railways which, in addition to much other important traffic, 
at present handle the suburban passenger traffic for which electri- 
cal methods have, on many occasions, been demonstrated to be 
esp: cially appropriate. 

62 Let us however, conjure up the hypothetical case that Lon- 
don is served by all but one of the older of the several great railways 
now entering it, and which are all of proven necessity, and that the 


pro.ect is mooted of adding this one urgently needed railway. 
the~ 


railway 


Under 
‘cireumstances the author doubts if there would now be found 
more than a small minority of railway engineers who, in the face of 
the demonstrated successes of electrical methods of propulsion, 
. Would advoeate that the suburban passenger service of this new 
railway should be handled by steam locomotives. The new terminus 
Would probably be designed and equipped so that the suburban 
trattic would consist exclusively of electrically-propelled trains. It 
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is equally probable that beyond some 25 to 30 miles from London the 
through trains would be drawn by steam locomotives. The through- 
goods traffic would also be operated by steam locomotives. As to 
whether the long-distance trains should leave the terminus behind 
steam or electric locomotives is less apparent, and is, furthermore, 
a matter of secondary importance, since the presence of a certain 
number of non-stopping steam trains is entirely consistent with 
the maintenance of an effective service of electrically-propelled sub- 
urban passenger trains. Consequently it would not require any 
drastic alteration of methods gradually to tend more toward steam or 
more toward electricity for propelling the through trains when travers- 
ing the tracks within the 30-mi. radius. This hypothetical case has 
simply been cited in order to emphasize more forcibly the generally 
admitted fact that it is no longer a question of whether, in electric- 
ity, there has arrived a better agent than the steam locomotive for 
the handling of suburban traffic. On the contrary, the exclusive 
though often amply sufficient reason for delay in replacing steam- 
locomotive methods by electric propulsion, is, so far as concerns 
the suburban passenger traffic, nearly always related to the large 
capital expenditure involved in effecting the change. For not apply- 
ing electrical methods to other classes of railway traffic there is, 
so far as relates to Great Britain, the best of all reasons, namely, that 
steam is, at present, in almost all instances, more economical. 
The presence of frequent tunnels may afford the chief reason for 
adopting electricity on a given section, owing to the elimination of 
smoke and steam. But if it is proposed to employ a bare 6000-volt 
overhead conductor for supplying the trains, the presence of tunnels 
of small dimensions may afford the most cogent reason for adher- 
ing to the steam locomotive. Heavy grades are much more readily 
negotiated by electrically-propelled trains, and consequently, for 
mountain lines, there is an additional incentive for substituting 
electrical propulsion for steam-locomotive methods. In countries 
where coal is scarce and water power abundant, as, for instance. in 
Sweden, Italy, and Switzerland, the general electrification of ‘he 
railways may be a thoroughly sound proposition, but the distinc! \on 
between the conditions in Britain and in the countries cited is 
obvious. 

63 In view of the circumstances, the question of the relative «st 
of various electrical systems of operating suburban lines becomes ne 
of great importance. Although it would be premature to deny 
claims of certain further systems of electrical propulsion, th 
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systems which are, at the present time, chiefly commanding attention, 
are the systems employing on the trains continuous-electricity motors 
and single-phase motors respectively. With a view to concentration, 
only these two systems will be taken into account. 

64 The conventional methods which are employed in analyzing 
the expenses of operating steam railways involve, when applied to 
estimates for the electrical operation of railways, a considerable 
degree of obscurity and lead to misunderstandings. The obscurity 
is often intensified by any attempt to adapt these methods, by slight 
modifications, to the new conditions attending electrical operation. 
For the particular investigation which constitutes the object of this 
paper, it will conduce to clearness to break away completely from these 
conventional methods of analyzing costs. This is the more justified 
since the paper deals with broad comparisons, leading to broad general- 
izations. Were it a question of final and detailed estimates the method 
employed in this paper would obviously be inappropriate. 

65 A railway is an undertaking of such magnitude that, with the 
extensive adoption of electricity for propulsion, it would often be in 

: the interests of economy for the railway to provide and operate its 
own electricity-supply stations, and thus save the profits which would 
be included in the prices at which electricity-supply companies 

' ; _ would be prepared to sell the electricity. Nevertheless it is electric- 
_ ity-supply companies, and not the railways, which are at present 
In a position to supply a railway’s requirements to best advantage, 
and in view of the circumstance that any single railway almost 
always traverses districts served by many different electricity-supply 

- companies, it is highly probable that for some long time to come, at 
_ any rate, a railway would,in many cases, be best serving its own inter- 
ests by purchasing its electricity from electricity-supply companies 
an municipal electricity-supply undertakings. It is by no means 
-hecessary for the author to investigate this question further, but 
-tnerely to state that in this investigation, he will assume that the 
_ Taway not only purchases its electricity from independent undertak- 
ines, but that it looks to these independent undertakings to provide all 
transmission lines from the points where the electricity is generated, 
and also to provide all the sub-stations, thus delivering the electricity 
4! \\e required points on the railway company’s premises in the form 

_ in which it is eolleeted by the trolley-bows or rail-shoes carried by the 
tron. The sub-stations are thus the property of the electricity- 
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The railway, in that it owns the property on which its tracks 
are laid, possesses a great advantage over electricity-supply compan- 


trains. 


ies since it can construct its transmission line, whether overhead or 
underground, without conforming to so many sometimes obstructive 
regulations, and without payment for way-leaves. By coéperation 
in extending these advantages to the electricity-supply companies 
from whom it purchases the electricity, an appreciably lower price 
should be obtained. These structures may consist in an overhead 
trolley system, or in conductor-rails, together with in either case, 
the necessary feeders. When the single-phase system is employed, 
the sub-stations may contain stationary transformers or they may 
consist simply of buildings provided with high-pressure switch gear 
for controlling the inter-connections of the various sections of the line. 
When the trains are equipped with motors operated by continuous 
electricity, the sub-stations will be more numerous, and they will be 
provided chiefly for the purpose of housing motor-generator sets 
transforming the high-pressure polyphase electricity received from 
the electricity-supply station, into the relatively low-pressure contin- 
uous electricity required at the train. The price charged by the in- 
dependent electricity-supply undertakings will be for the electricity 
in the form in which it is delivered from the sub-stations, and owing 
to the greater cost and lower efficiency of the sub-stations when supply- 
ing continuous-electricity, the railway will be obliged to pay a higher 
price for a given quantity of electricity when it is in the continuous 
form than when it is in the single-phase form. Prices arrived at by 
experience on a large scale are now quite well agreed upon for elec- 
tricity in these two forms. While these prices vary greatly according 
to the price of fuel and various factors of like nature, and while they 
also vary greatly with the nature of the load, they can nevertheless 
be estimated with certainty in any particular case. By allocating 
to the electricity-supply company the burden of providing the trans- 
mission system up to the sub-stations, and also the sub-stations, legiti- 
mate simplifications are introduced into the calculations, since there 
are in Great Britain many electricity-supply companies who are pre- 
pared to promptly quote prices for electricity as delivered at the out- 
going cables from such sub-stations. For given conditions as regards 
load factor and price of coal and water, the market price of electricity 
has for some time been quite a definite quantity. 

66 Thus, so far as the outlay for electrical apparatus and equip- 
ment is concerned, this method of comparison leads us to the definite 
proposition of estimating the cost of the rolling stock and the cst 
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of the structures along the line, intermediary between the sub-stations 
and the trains. While the cost of these structures has, up to the pres- 
ent, been higher with the single-phase than with the continuous system 
the author does not propose in this paper to discuss these differences, 
but he will, on the contrary, assume that the outlay for this portion 
of the work is the same for both systems. As to the costs of the trains, 
estimates for each system will be made, since in this respect the two 
systems differ greatly from one another. 

67 To fix ideas, the author will confine his comparisons chiefly to 
trains consisting of three double-bogie coaches. It is well known 
that, under reasonably favorable conditions, such trains usually 
yield gross receipts of some 40d. to 60d. per train-mile. The cost of the 
electricity required for the propulsion of the trains, together with 
reasonable estimates for the capital charges for the trains including 
the outlay for their depreciation, repairs and renewals, make up an 
aggregate per train-mile which is usually of the order of from 35 to 
40 per cent of the amount of the gross receipts. Into the disposition 
of the remainder of the gross receipts it is not proposed to enter, since, 
taking the electrical structures along the line.’ that is, the equipment 
intermediary between the sub-stations and the trains, as representing 
the same outlay, irrespective of the particular system of electric trac- 
tion adopted, the disposition of this remainder will be substantially 
the same, whichever system is employed, and hence does not materi- 
ally affect the results in a comparison of systems. It is to the appli- 
cation of that portion of the gross receipts, roughly 35 to 40 per cent 
or thereabouts, the precise amount of which is seriously affected by 
the selection of the service and of the system of electrification, that 
the author will direct his investigations. It may be said that he is 
guilty of comparing alternative systems of electrical operation to the 
disadvantage of the interests of electrical operation in general, but he 
does not admit this to be the case. On the contrary, a correct inter- 
pretation of his results will show that his object is to consecrate each 
sysicm to its appropriate purpose, and to admit fully that for long- 


‘This is the only electrical item which is not included in the comparisons, 
and < ice it will introduce no serious error to take this item as independent of 
the )rticular electrical system adopted, the author considers it preferable, in 
this ‘vestigation, to group it with the various non-electrical items, including 
het) ‘its, which make up the remaining 60 to 65 per cent of the gross receipts, 
and \ ‘ich, direetly, are independent of the precise electrical system adopted, 
although indirectly they may be appreciably affected. For instance, the 
design and weight of the train affects the permanent-way outlays, 
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distance through trains, steam-locomotive methods are superior 
to any electrical methods as at present developed. For high speeds 
with frequent stops, while both the single-phase system and the con- 
tinuous system have long been recognized to be adequate as regards 
their engineering features, the former entails, as he will endeavor to 
show in this paper, distinctly greater outlay and distinctly less net 
earnings. He will also endeavor to show that with decreasing speed 
for a given distance between stops, or with increasing distance be- 
tween stops for a given speed, the disabilities of the single-phas+ 
system become less acute. The determination of the point beyond 
which the uses of the single-phase system will conduce to greater net 
sarnings than can be obtained by the system employing continuous 
electricity at the trains, is, however, not within the range comprised 
by the subject assigned to the Joint Meeting for discussion, namely 
The Electrification of Suburban Railways, and hence cannot appro- 
priately be dealt with in this paper. Quite aside from any question of 
the relative merits of alternative systems, the author would be pleased 
if the results which he has deduced as regards the cost of the rolling 
stock and of the electricity consumed in its propulsion, should be found 
useful in dealing with electric railway investigations. 

68 The severity of a train service is a function of the schedule 
speed and of the distance between stops. For a very severe service, 
many of the train axles are often driven by motors, while for more 
moderate services it suffices to concentrate the driving power upon but 
a few of the axles. In eliminating the locomotive and placing the 
motors under the passenger coaches, the space available for the motors 
is rather restricted, and the plan of distributing several relatively 
small motors on several axles is more often a consequence of this 
‘space limitation than of any regard for obtaining greater tractive 
effort by the greater total weight on the driven axles. Although this 
latter object is always kept in view, it may be said that even the high 
accelerations employed on electric railways rarely require so ereat 
a subdivision of the driving power as is, for severe services, usually 
resorted to, owing to the space limitations. 

69 Analysis of Two 150-ft. Trains. The author proposes first to an- 
alyze the design and performance of two 150-ft. trains designed for 
about the same average output, and similar as regards the capacity 
and distribution of the electrical equipment. In the two 150-ft. trains 
which have been selected for this analysis, only two motors arc em- 
ployed, and these drive two of the four axles of a motor coach. !‘ach 
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f these 150-ft. trains comprises three 50-ft.1 coaches, of which one is 
a motor coach and the other two are trailer coaches. Thus out of 
the twelve axles, only two are driven. The first of these two trains is 
a type designated A, which is employed on the Picadilly-Tube Rail- 
way in London and weighs 61 tons; the second is a type designated 
C, which is employed on the Heysham, Morecambe and Lancaster 
Branch of the Midland Railway and weighs 77 tons. The service for 
which the 61-ton Piccadilly-Tube train is employed requires a sched- 
ule speed of 16.4 mi. per hr, and the runs are of an average distance 
of 0.45 mi. between stations. The 77-ton Heysham train has a 
schedule speed of some 31 mi. per hr., and there is an average distance 
of 4 miles between stations. It might appear at first sight that these 
two services are not comparable, but brief calculations are given 
below, showing that the average output to the axles is just about the 
same in the two cases. Furthermore, the average efficiencies of the 
two electrical equipments do not differ by more than 5 per cent at the 
outside. This is also the case as regards the efficiencies in the two 
cases of 180-ft. trains, examined in a later section of this paper, and 
with a view to avoiding a discussion of so unessential a matter as 
a few per cent difference in efficiency, the author has, throughout his 
comparisons, employed the mean value of 70 per cent. His examina- 
tions indicate that in no one of the four cases (that is, the two 150-ft. 
trains and the two 180-ft. trains) is the average efficiency of the elec- 
trical equipment on the train for the services for which the trains are 
employed greater than 72 per cent or less than 68 per cent; conse- 
quently the employment throughout of the value of 70 per cent is 
amply exact and is in the interests of simplicity. The two particular 
instances of two-motor 150-ft. trains have been taken because precise 
data of their design and performance are available, and because, 
while they are equipped for about the same average output, one train 
carries continuous-electricity equipment and the other carries single- 
phase equipment. For the 61-ton Piccadilly train, the output of the 
equipment, averaged over the entire time, including stops, is 87 h.p.; 
for the 77-ton Heysham train the corresponding figure is 90 h.p. The 
total weight of the electrical equipment in the two cases is 8.0 tons 
an’ 14.9 tons respectively. This estimate of 8.0 tons is somewhat 
in «xcess of the weight usually assigned to the equipment of the Pic- 


‘'"hvoughout this paper, it has been convenient to take as the length of the 
train the length of each coach multiplied by the number of coaches, that is, 


the loneth corresponding to buffers and couplings has not been included. 
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eadilly-Tube trains. The figure usually given is 7.3 tons, but the author 
prefers to take 8.0 tons since the weight of auxiliary equipment tends 
to gradually increase in successive installations. This is because with 
the development of electrical methods, refinements are introduced 
which were not deemed necessary in the earlier work. This estimate 
of 8.0 tons is ample to cover air-compressors and governors, all cables, 
slate switch-panels, collecting shoes, and shoe-beams for both trucks 
of the motor-coach, steel-tubing bolts, cleats, etc. The estimate of 14.4 
tons is for the Siemens Company’s equipment as installed on the Hey- 
sham train. In each case the service is that for which the equipment 
was selected. In both cases, the capacity of the motors is probably 
sufficiently liberal to permit that the motor-coach, with its equipment, 
may haul three trailers instead of two, for considerable periods. In- 
deed four-coach Piceadilly trains have been found by tests to be well 
within the capacity of the two motors of a single motor-coach. But 
nevertheless the use of two trailers per motor-coach is, both for the 
Piccadilly and the Heysham lines, the normal case. In each case the 
ultimate temperature rise in regular service is of moderate amount. 
Whereas, in the case of the Piceadilly-Tube train, forced draft is 
not employed, the motors on the Heysham train are only maintained 
at a sufficiently low temperature by employing forced draft. Con- 
sequently the lightness of the continuous-clectricity equipment, as 
compared with the single-phase equipment of the same average out- 
put, is the more marked. It should be further borne in mind that, in 
endeavoring to keep down their weight, single-phase motors are 
designed with a higher speed, in revolutions per minute, than has 
been considered good practice with continuous motors, and the re- 
quired speed at the train axles is in single-phase trains obtained by the 
interposition of undesirably high gear ratios. Thus we have: Average 
output in service per tons of electrical equipment 


ee = 10.9 h.p. for the Piccadilly train 
7% = 6.04 h.p. for the Heysham train 


The calculations are set forth in parallel columns in Table 3. 
In these calculations, as also in those in Table 4, the values for the 
energy consumption per ton-mile correspond with the represents’ ive 
values given in Table 9, and represent the consumptions under ‘he 
conditions of test runs. The question of the additional consumy)! ion 
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to allow for the conditions of routine service, is introduced in a later 
section of this paper. 

70 Analysis of Two 180-ft. Trains. Having now examined two 150- 
ft. trains composed of one motor coach and two trailers, let us turn 
our attention to two trains for more severe services. The two trains 
which the author has selected for his purpose are each 180 ft. in length 
and are each composed of two motor coaches and one trailer coach. 


TABLE 3 AVERAGE OUTPUT IN SERVICE PER TON OF ELECTRIC EQUIPMENT 
ON PICCADILLY AND HEYSHAM TRAINS 


PICCADILLY HeYSHAM 
TRAIN TRAIN 


Total number of coachesinthetrain...... 3 3 
Total number of axles in the train 12 12 
Number of axles driven by motors.......... 2 2 
Schedule speed, (a) mi. per 16.4 0 
Energy consumption perton-mile, watt- ren 93 40 
Energy pertrain-mile, (>) kw-hr 5.67 3 08 
Average input per train (= a X b), kw. 93.0 95.6 is 
\verage output from motors to axles taking average efficiency of > 

electricalequipment as 70 percent, h.p ...... 87 90 
Average output per ton of electrical e 10.9 6.04 

10.9 

Ratioof these two average outputs per ton of electricalequipment.... 6.04 =1.81 


-\ eleetrically-equipped rolling stock on the Heysham line comprises three such trains. Their 
agercate mileage for the year ending June 30, 1909, was only 86,000 miles, or an average of only 79 
Ml per train perday. At31 mi. per hr. this works out at only 24 hr. per train per day. In the analy- 
sis, \owever, the author is crediting the Heysham trains with having an equipment adequate to work 
tou-hedule speed of 31 mi. per hr. for many consective hours. The Piceadilly-Tube trains do this, 
day «{ter day, a single train often maintaining its schedule speed for 18 consecutive hours and cover- 
ing ti that time 300 miles. 


Ka} coach is 60 ft. in length. Each motor-coach is equipped with 
fol: motors, making up a total of eight motors per train. Thus eight 
of ‘he twelve axles of the trains are driven by motors, whereas in the 
tw. jormer trains only two out of the twelve axles were driven. The 
firs of these two 180-ft. trains is of a type which may be designated as 
B,«.\\ whieh is employed on the Southport line, and the second which 
lie ve designated as D, and which is one of the trains now operating 


0b) we South London Elevated Railway. The trains : are thus some- 
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what longer and are much heavier than those which we have examined 
before. The weights of these two 180-ft. trains are respectively 118 
tons and 138 tons. The Southport train runs at a schedule speed of 
30 mi. per hr. and the average distance between stations is 1.32 
mi. The South London elevated train, which will be designated the 
S.L.E. train, runs at a schedule speed of 22 mi. per hr., and the aver- 
age distance between stations is 0.88 mi. The striking similarity of 
these trains as regards their length (180 ft.), their seating capacity, 
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TABLE 4 AVERAGE OUTPUT IN SERVICE PER TON OF ELECTRIC EQUIPMENT 
ON SOUTHPORT AND &. L. E. TRAINS 


a ~ Sovuta Lonpon 
SovuTHPport 


TRAIN 

Total numberof 3 3 
Total number ofaxlesin the train. 12 12 
Numberof axles driven by motors..................0c.ccececececeees 8 8 
Schedule speed (a), mi. per hr................. 30 
Energy consumption per ton-mile, watt-hr........................ 96 7 
Energy consumption per train-mile (b), kw-hr.................... 11.3 109 
Average input per train (= a X b), kw....... 340 240 
Average output from motors to axles asides a average efficiency of 

electricalequipmentat70 percent), 319 225 
Weight 30 44 
Average output per ton ofelectricalequipment,h.p............... 10.6 §.12 

10.6 

Ratio of these two average outputs per ton of electrical equipment.... a =207 


and the proportion of motor and trailer-coaches, has led to the estab- 
lishment of comparisons between them. But these comparisons have 
usually been of an utterly superficial nature. It has been said that 
since in the case of the Southport train the stops are less frequent and 
the speed is higher, the severity of the service is substantially the same 
as in the case of the 8.L.E. train, and it has been assumed, though 
altogether incorrectly, that the more frequent stops in the case of the 
S.L.E. train offset the greater speed in the case of the Southport 
train. The author has, however, pointed out on various occasions | hat 
this is not the case. On the contrary, the power which is required at 
the axles in the case of the Southport 118-ton train is 42 per «cnt 
greater than the power which is required at the axles for the 8.!..E. 
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138-ton train, notwithstanding the 18 per cent greater weight of the 
latter train, and the power required at the axles, per ton of total train 
weight, is no less than 65 per cent greater for the Southport service 
than for the S.L.E. service. Some engineers are doubtless well 
aware of the erroneous character of the assertions which have been 
made in this matter, but it is probable that other engineers have un- 
guardedly accepted the assertions, and have concluded that for prac- 
tical purposes the two services may be regarded as substantially equal 
in severity. 

71 The service performed by the Southport 118-ton train re- 
quires of the electrical equipment an output to the axles, averaged 
over the entire run, of 319 h.p., whereas the relatively much less 
severe service of the 8.L.E. 138-ton train requires an output to the 
axles of only 225 h.p. The weights of the electrical equipments in 
the two cases are, however, 30 and 44 tons respectively. The average 
horsepower output to the axles per ton of electrical equipment, works 
out respectively at 10.6 h.p. for the Southport train, and 5.12 h.p. 
for the S.L.E. train. As a matter of fact, the Southport trains operat- 
ing to the schedule in question, while still comprising two motor 
coaches, each equipped with four motors, very frequently have two 
trailer coaches, and it is consequently very conservative to take the 
three-coach train as representative of the capacity of the electrical 
equipment of two motor coaches. In the Board of Trade returns for 
1908, the electrical train service on the Southport line is given as 
1,490,000 train-miles and 5,120,000 car-miles. The average train 
thus comprises 3.4 coaches, which more than justifies the author’s 
stundpoint. Possibly also the 8.L.E. equipment has a similar margin 
of capacity. Whether or no this be the case, it is as well to base the 
comparisons on the three-coach trains in each case, although this is 
devdedly less than the normal train for the Southport line, whereas it 
is ‘he standard type of train operated on the §.L.E. Railway. In 
Tale 4 these calculations are set forth in parallel columns. 

‘2 It will be observed that the average output per ton of electri- 
ca quipment varies greatly in the four cases which we have examined, 
a! questions naturally arise as to the cause of these great variations. 
I vht be suggested that the variations are attributable to diverging 
vi ~ as to correct methods of design. As it happens, however, the 
ments were supplied by four different manufacturers who are 
ae the half-dozen firms who probably have the greatest experi- 
er in the manufacture of electric railway equipments. Denoting 
the four examples as A, B, C and D, we arrive at Table 5. 
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73 Engineers familiar with the relative standing of the leading 
manufacturers of electric railway apparatus, are well aware that each 
of these four firms have resources of such magnitude that they are 
all on a substantially equal footing as regards ability to produce the 
best, lightest and cheapest apparatus for the purpose in view. Conse- 
quently we must seek some other explanation for the striking differ- 
ence in the results set forth in Table 5. The two first results are within 


TABLE 5 COMPARISON OF AVERAGE OUTPUT 


Aver: Out 
Average Output per Ton of Shaliwns | Manufacturer 


10.9 Piccadilly B. T. H. Co. 


Example 
Electrical Equipment, h.p. 


q Southport Dick, Kerr & Co. 
6.04 Heysham | Siemens 
5.12 | S.L.E. | A.E.G. 
: 


3 per cent of each other and the last two results are within L8 per 
cent of each other. That the S.L.E. equipment works out at only 
5.12 h.p. per ton while the Heysham equipment comes to 6.04 2.p 
per ton, is satisfactorily explained by the circumstance to which allu- 


sawp 


sion has already been made in the footnote to Table 8, to the effect that 
the Heysham train only averages (over the whole year) some 24 hr. of 
service per day whereas the 8.L.E. trains will doubtless average 
(over the 365 days in the year) at least twice this number of hours of 
service per day. It is stated that for the 8.L.1. line, “the mileage of 
ach train service varies between 250 and 500 miles per day.’ The 
mean of the first two results is 10.8 h.p. per ton, and the mean of the 
last two results is 5.6 h.p. per ton. These two values have the ratio 
1.93: 1.00. The reason for this difference in weight of about 2 to | is 
that in the first two cases, that is, the Piceadilly-Tube 61-ton train and 
the Southport 118-ton train, the equipments are designed for, and 
operated with, continuous electricity, whereas the last two cases, 
the Heysham 77-ton train and the 8.L.E. 138-ton train, have equip- 
ments designed for, and operated with, single-phase electricity. 

74 As rough, but representative values, we may take it that for 
a train equipped with continuous apparatus, the electrical equipment 
may, in actual service, and for approved overload and heating li:iits, 
be loaded up to an average output of 11 h.p. per ton-weight of the 
equipment, whereas single-phase equipments can only be worke: up 
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to an average output of 6 h.p. per ton.! 


It has been asserted that 
notwithstanding that the single-phase equipment for a train required 
to perform a given service, weighs twice as much per horsepower «as 
the corresponding continuous equipment, this does not seriously affect 
the total train weight, since the weight of the electrical equipment con- 
stitutes (it is alleged) only a small part of the total weight of the train. 
Let us investigate this assertion. 
designated as A, B,C and D. In Table 6 are given the total train 
weights, the weight of the electrical equipment, and the percentage 


In Table 5 the four trains have been 


which the weight of the electrical equipment constitutes of the total 
train weight. 


TABLE 6 TOTAL TRAIN WEIGHTS 


Percentage 
which Weight 
Length Total Weight of 
» a- 
our of Train Electrical 
System tion of Railway Constitutes 
l'rain, Weight, Equipment, 
Train Feet Tons Tons of the Total 
Weight of the 
Train, 
Per Cent 
— = 
Continuous A Piccadilly 150 61 8.0 13.1 
Continuous... B Southport 180 118 30 25.4 a 
Single-phase, Heysham 150 77 14.9 19.3 
Single-phase D 8. L. E. 180 138 44 2.0 
= 


7) Comparing the 180-ft. trains, that is, trains B and D, we have 
seen. that the Southport service is much the more severe, yet the 
electrical equipment of the Southport train only amounts to 25.4 per 
cent of the total weight, as against 32 per cent of the total weight for 
the :uch less severe 8.L.E. service. It sholuld be of interest to ascer- 
tain how a train of the D type would require to be modified in order 
to lv suitable to perform the B service. This and subsequent calcula- 
tion- will be simplified by first working out, for all the trains, the 
aver ve horsepower per ton-weight of train required for the respective 
services. This is done in Table 7. 


"I -hould be noted that the author is favoring the single-phase system 
very \cidedly in erediting it with an average output of 6 hp. per ton, for 
this .lue is only attained in the case of the Heysham trains, which only 
aver -o 2} hr. in service per day, whereas the 8.L.E. trains, which do an 
» of, say, 5 hr. per day, yield an average output per day of only 5.12 
ton-weight of electrical equipment. 
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76 The values in the lowest horizontal line of Table 7 are the real 

criteria of the severity of the service, and we see that the Southport 

service requires (since 63 = 1.65) 65 per cent more average power 
per ton-weight of train than is required for the S8.L.E. service. The 
values in the lower line of Table 7 are, since the efficiency is the same, 
independent of whether single-phase or continuous apparatus is 
employed. For the Southport service, there must be provided 2.7 
h.p. per ton-weight of train. Since we have seen that, with single 
phase equipment, we obtain 6 h.p. per ton of equipment, we shall 


require ~~ - 0.45 ton of electrical equipment for every ton of total 
6.( 


weight of train. Thus 45 per cent of the weight of the train will con- 
sist of electrical equipment. 


_ TABLE7 AVERAGE H.P. PER TON WEIGHT OF TRAIN _ 


Continuous Single-phase 


A B D 
Piccadilly Southport Heysham 8. L. E 
Length of train, ft Nahe 180 5 180 
Weight oftrain,tons............. 118 138 
Average output during service, h.p. 319 ¢ 225 
Average output per ton weight of 
train,h.p. A 2.7 7 1.63 


77 The motor coaches on the 8.L.E. line weigh 54 tons each. Of 
this 54 tons weight of one of these motor coaches, only 22 tons, that 
is, only 41 per cent of the total weight of the motor coach is electrical 
- equipment, and consequently the motor coach which is at present run- 
ning the 8.L.E. service, even with its motors rewound for the required 
speed, would not have sufficient capacity, leaving the same margin 
as on the present S.L.E. service (Par. 71), to accomplish the Soutb- 
port schedule with the same heating of the electrical equipment as 
in the 8.L.E. service, much less could a train composed of two motor 
coaches and one trailer accomplish this schedule with normal he:ting 
and with appropriate overload capacity. In order to work the 8.L.E. 
180-ft. train to the Southport schedule, its electrical equipment must 
be considerably increased in weight. Let W equal the total weight 
of the S.L.E. 180-ft. train, in tons, when reinforced to render i! ade- 
_ quate for the Southport service. Then the electrical equipment ‘ust 
weigh 0.45 W. The weight of the S.L.E. 180-ft. train exclus've of 


— 
‘ a é 


the 


when provided with an equipment enabling it to conform to the South- 
port service, will consequently be 


Consequently we have 
4 78 The weight of the electrical equipment must thus be 


and the electrical equipment will be capable of delivering an average 
output of 6 X 77 = 462 h.p. Thus the equipment of the 8.L.E. 
train must be increased, as regards its average output, from the 225 
h.p. 
in order that it may accomplish the Southport service. This is an 
increase of 105 per cent. The revised 8.L.E. train requires to have 
462 h.p. average-capacity as against the Southport train’s 319 h.p. 
average capacity, an excess of 45 per cent. This further 45 per cent 
serves no more useful purpose than to carry over the route the increased 
weight of expensive electrical equipment made necessary by the use 
of the single-phase system. The revised 8.L.E. train weighs 171 tons 
as against the Southport train’s weight of only 118 tons. Thus the 
result is, that while both trains have the same length of 180 feet, the 
... train, when altered to be adequate to perform the Southport 
service, weighs 45 per cent more than the Southport train. Moreover, 


S.] 


the 


would have to consist of three motor-coaches, in place of the two 
motor-coaches and one trailer which sufficed to carry the necessary 
single-phase equipment to perform the S.L.E. service. 

Let us next reverse the above process and adapt the Southport 
train to the S.L.E. service of 22 mi. per hr. and one stop every 0.88 
mile. 


i 


ton 
equi 


tote 


as 
5.1 
tus 
th: 
Th 
ne 
SS 


. M. HOBART 


electrical equipment, is 138 — 44 = 94 tons. Its revised weight 


W = 045 X W+ 94 


W = 171 tons 


171 — 94 = 77 tons =~ 


which sufficed for the S.L.E. service, up to the 462 h.p. necessary 


revised three-coach single-phase train for the Southport service 


This service requires, as seen from Table 7, only 1.63 h.p. per 
of total weight of train. The weight of 1.63 h.p. of continuous 
63 


‘ 
moment is only ._ 0.148 ton. Consequently out of each ton of 


‘rain weight, only 14.8 per cent will consist of electrical equipment 
unst the 32 per cent seen from Table 6 to be required when the 
_ service is provided by atrain equipped with single-phase appara- 
Let us again represent by W the totaltrain weight in tons. Then 
‘ght of the electrical equipment in tons amounts to 0.148 & W. 
ight of the Southport train, exclusive of the electrical equip- 
118 30 = 88 tons. Consequently W = 0.148 * W + 


3 tons. The weight of the electrical equipment of the revised 
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Southport train, that is, of the continuous train capable of working 
to the relatively moderate 8.L.E. service, is only 0.148 & L083 = 15.3 
tons, or only 51 per cent of the 30 tons weight of the electrical equip- 
ment required for the Southport train performing the severe South- 
port service. Obviously then, were we to operate a 180-ft. train to the 
S.L.E. schedule, employing continuous equipment instead of single- 
phase equipment, we should not require two motor coaches, but we 
should make up our three-coach train of one motor coach and two 
trailers. The continuous equipment thus weighs only 15.3 tons, or- 
only 34.8 per cent of the 44 tons required for the single-phase train of 
equal length. It is interesting to note that this continuous-electricity 
train operating on the S.L.E. service is only required to give an aver- 
age output of 15.3 X 11 = 168.5 h.p. which amounts to only BS -) 
225 
75 per cent of the average output required of the motors on the single- 
phase 138-ton §.L.E. train. 

80 Cost Estimations. A rough but thoroughly representative 
figure for the cost of continuous equipment for railways is £125 per 
ton. Single-phase equipment at present costs decidedly more, but 
for the purposes of this investigation the author will take the cost of 
the electrical equipment, irrespective of whether it is continuous or 
single-phase, at £125 per ton. Thus for the four trains under con- 
sideration, the costs for the electrical equipment work out as in Table 8. 


TABLE 8 COSTS FOR ELECTRICAL EQUIPMENT 


Electrical Equipment of One Train ' eight. Cost per Ton, Total Cost, 
Tons £ 

Continuous train for......... .. Southport service. 30 125 
Continuoustrain for........... S.L.E. service..... 15.3 125 1910 
Stngle-phasetrainfor........... Southport service. 77 125 9630 
Single-phase trainfor........... S.L.E. service..... 44 125 5500 


As to the cost of the remainder of the train, the estimates wil! be 
based on the following data: 

81 Bogie Trucks. The weight of each motor-truck, including truck- 
frames, wheels, axles, brake-rigging, etc., will be taken at 6.5 tons, 
the weight of each trailing truck at 5.5 tons. In both cases, the cost 
of the complete trucks will be taken at £22 per ton. The weig!t of 
all the trucks is: 


; 
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For a train comprising 3 motor coaches and no trailer (12 driven axles). .39 tons 
For a train comprising 2 motor coaches and 1 trailer (8 driven axles) ...37 tons 
For a train comprising 1 motor coach and 2 trailers (4 driven axles). .....35 tons 


The cost of the trueks for these three trains is: 


Three motor-coaches and no trailer.... £860 
Two motor-coaches and 1 
... £770 


The weight of the three coach bodies, complete with underframes, 
brake-cylinders, upholstering, ete., is: 


Continuous train for Southport service......... 118 — 30.0 — 37 = 51.0 tons 
Continuous train for 8.L.E. service............ 103 — 15.3 — 35 = 52.7 tons 
Single-phase trains for Southport service........ 171 — 77.0 — 39 = 55.0 tons 
Single-phase train for 8.L.E. service............. 138 — 44.0 — 37 = 57.0 tons 


82. For an absolutely consistent comparison, these four cases should 
have all worked out at the same value as regards the aggregate weight 
of the three coach bodies. They are, however, so nearly identical, 
varying only 6 per cent from the mean value, that their mean value 
may be taken as representative for the weight of the coach bodies of 
a 180-ft. train for this type of service. The mean value is 54 tons, 

or — 

3 
plete, may be taken as costing £80 per ton. Thus for all four trains 


18 tons for each coach body. These coach bodies, com- 


the aggregate cost of the three coach bodies, weighing 54 tons, will 
be SO X 54 = £4320. 

s3 The costs of assembling, and all further costs, will be taken at 
£5 per ton of train. These further costs are, consequently, for the 
four trains: 


Continuous train for Southport service....................... 5 X LIS = £590 
Continuous train for S.L.E. 5 103 = £515 
Sinzle-phase train for Southport service...................... 5 X 171 = £855 
Sinzle-phase train for S.L.E. 5 X 188 = £690 


The total costs of the four trains are made up as shown in 
Tai le 9, 

Since these trains have a seating capacity of, roughly, one seat 
pe: vot, the two lower horizontal lines in Table 9 also give a fair repre- 
se. \tionof therelative costs and weights per seat. We seethat forso 
se. © a service as that at Southport, the cost of a single-phase train 
( 87.0 


Slice 52.6 1.65) works out to be 65 per cent greater per foot of 
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length than is the cost of a continuous train. For the much more 
moderate service of the S.L.E. line, the excess cost of the single-phase 


train per foot of length is only 51 per cent (since 417~ 1.51), and the 


percentage continues to fall with every amelioration in the severity of 
the service. 


TABLE 9 TOTAL COSTS OF THE FOUR TRAINS 


Continuous TRAIN SinGLe-PHase TRAIN 


For For For For 
Southport S.L.E. Southport 8.L.E. 
Service, £ Service, £ Service, £ Service, £ 


770 
4320 
Electrical equipment 
Further costs 


Weight of train, tons 
Cost perton........ 
Length of train, ft.. 
Cost per ft 

Weight per ft., ton 


86 It is usually preferable to reduce weights and costs to the basis 
of the weight and cost per foot length of train instead of per seat. 
Mr. J. R. Chapman, late Chief Engineer of the Underground Electric 
Railways Company of London, has also advocated the reduction of 
data to terms of the foot length of train, instead of to terms of per 
seat, in the following words: “The arrangement of seats in a car has no 
more to do with electrical working than the color of paint used on 
the outside. A car will carry the maximum number of passengers if it 
has no seats at all; it will carry the minimum number if itis fitted with 
arm-chairs. Somewhere in between these two designs there is a 
medium which fits the average conditions which”the particular rail- 
way has to meet, and I think that as cars vary in size, and sea\ing 
arrangements also vary, the comparison should be made per lineal 
foot of train, or per square foot of floor devoted to passenger accom™0- 
dation; probably the latter is the best, as it brings into the calcul:tion 
the alternative of equipment underneath the car, as on the dis‘: 
or equipment in a cab, as on the tubes; the latter svstem reduce: 
senger accommodation but costs less for maintenance. Otherwis: 1 is 
very difficult to effect comparisons, for not only have we to take into 
account the varying composition of trains as regards first and ‘ird 
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860 815 
4320 4320 
9630 
= 855 690 
15,665 11,325 
118 103 171 138 
£80.3 £72.7 £91.6 £82.1 
180 180 180 180 
£52.6 £41.7 £87.0 £63.0 
0.655 0.575 0.95 0.77 
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class carriages, but there is the further consideration that the policy of 
railways differs considerably as to the floor space and elbow room which 
are allotted toeach passenger. Since, however, the average value of the 
seats per foot for representative passenger trains of mixed composi- 
tion rarely varies much from unity, the values of the weight and cost 
per foot enable us to readily make mental calculations, as occasion 
requires, of the corresponding weights and costs per seat. It is pref- 
erable, in all cases, totake the weights of the trains themselves, and to 
leave out of consideration the weights of the passengers. ‘Table 10, 
giving the number of seats per foot of overall length of train for several 
typical trains, will be interesting, as bearing upon this point. 


TABLE 10 NUMBER OF SEATS PER FT. OF OVERALL LENGTH OF TRAIN 


orp NuMBER or Seats SEATS 
or PER 
RAILWayY TRAIN Fr. oF 
IN OVERALI 
T = TRaIvEer- 3rd 1st 
Total Fr. LENGTR 
Coacn Class Class 
Southport............ (a)2M+2T 138 132 270 240 1.13 
(6)2M+2T 218 66 284 240 1.18 
Heysham...... 1M+2T 180 150 1.20 
re 1M+1T7 64 46 110 120 0.92 
North Eastern....... 2M+1T 116 70 186 171 1.09 


87 The Cost of the Energy Consumed at the Train. We have now 
deduced fairly definite values for the weights and costs of the rolling 
stock. The component of the total cost represented by the electricity 
consumed by the train is also fairly definite for a given service. The 
consumption at the train is for a given service about the same per 
ton-mile whether the electrical equipment be continuous or single- 
phase. The values in Table 11 afford a reasonable basis for estimat- 
ing ‘he consumption at the train per ton-mile of actual performance, 
Whew ‘he train is handled by a fairly experienced driver and when it is 
running strietly to its time table, and over a well built, fairly straight 
and ‘vel permanent way. Although quite practicable variations in 
the » -celeration and braking may easily occasion variations of 10 per 
cen! .: more in the energy consumption at the train, nevertheless the 
valuc. n Table 11 are representative of the customary results obtained 
und: ‘he conditions stated. In the author’s opinion the energy 
cons’.ption per ton-mile is, for frequently-stopping trains, very 
muc! «ss dependent upon the weight and length of the train than 
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is generally believed. It would be too irrelevant to the present dis- 
cussion to enter upon the consideration of this point further than to 
state that the energy-consumption values in Table 11 are consistent for 
test runs with trains coming within the range of lengths and weights 
considered in this paper. 

88 In the case of passenger trains it is preferable for uniform- 
ity’s sake to estimate the ton-mileage on the basis of the weight of 
the empty train. The unrecorded ton-mileage corresponding to the 
weight of the passengers carried, together with that corresponding to 


shunting operations and other non-remunerative running, as well 
as the increased consumption on occasions when the time table is 


a bp disarranged, will usually bring up the total consumption at the train 
y to a value some 30 per cent greater than the values given in Table 11. 


vl This increase is only in small part due to the weight of the passengers 
since with average loads, the weight of the passengers rarely increases 
4 the weight of the train by more than some 5 to6per cent. In the 
following estimates the author willtake the consumption of electricity 
d 


at the train as 1.30 times the values in Table 11. To simplify the 
investigation he will not go into the question of whether the railway 


provides its own generating plant or purchases the electricity from a 


TABLE 11 ENERGY CONSUMPTION IN WATT-HOURS PER TON-MILE FOR THE 
VARIOUS VALUES OF THE DISTANCE IN MILES BETWEEN STOPS SET FORTH 
AT THE HEADS OF THE VERTICAL COLUMNS, AND FOR 20-SEC. STOPS 


SCHEDULE SPEED 


IN MI. PER Hr. 0.8 0.9 1.0 1.35 4.8 


a 


supply company; but he will merely assume that the electricity 
is obtained at a total cost of 0.65d. per kw-hr. as delivered to the sub- 
stations. Owing to the greater loss in transformation at the sub- 
stations and the greater cost of the sub-stations, in the continuos, a 
contrasted with the single-phase system, he will take the cost «f the 
electricity as delivered from the sub-stations at 0.70d. per kw-!:r. for 
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the single-phase system, and at 0.87d. per kw-hr. for the continuous 
system. These amounts cover all outlays, both capital and operating, 
up to the outgoing cables from the sub-stations. The losses in the 
transmission system from the sub-stations to the trains are of but 
small amount in either system. To allow for them he will take the 
cost of the electricity delivered at the trains as 0.72d. per kw-hr. for 
the single-phase system, and 0.90d. per kw-hr. for the continuous sys- 
tem. These last increases in the cost simply allow for the electricity 
wasted in the process of being conveyed from the sub-stations to the 
trains, and do not allow for the capital and maintenance charges for 
the eables and the conductor-rails or overhead structures by means of 
which the eleetricity is conveyed from the sub-stations to the trains. 
The two figures of 0.72d. and 0.90d. per kw-hr. respectively are 
thoroughly representative as regards their relative values, though their 
actual values, while representative, will vary considerably according 
to many local circumstances. 

89 Furthermore these values are only applicable for the conditions 
of a suburban service of passenger trains where the trains in each diree- 
tion run, as an average, at intervals of some twelve to fifteen minutes 
during some sixteen to twenty hours per day. For a less intense- 
service, the price for continuous electricity will exceed that for single 
phase electricity by a greater percentage, since the cost of the sub- 
stations will constitute a larger item, and the all-day efficiency of the 


sub-stations will be less. If, on the contrary, the trains run at inter- 
vals of only some three to six minutes, then also the relative figures 
of 0.72d. and 0.90d. at the trains are not applicable; 0.69d. for the single- 
phase system, and 0.83d for the continuous system, would then be 
nore appropriate, the latter in this case exceeding the former by only 
20 per cent as against 25 per cent in the case of the twelve to fifteen 


minutes’ service. This is because, while the cost of the electricity, as 


delivered at the trains, in the cases of both systems, decreases with the 
in'cnsity of traffic, the decrease is a greater amount for the continu- 
Ou- system, owing to the better load-factor at the sub-stations and 
the consequent considerable reduction in the capital charges and oper- 
alice expenses of the sub-stations. For his further comparisons, 
however, the author will take the figures of 0.72d. for the single-phase 
~ mand 0.90d for the continuous system for the cost of electricity 
<w-hr. delivered at the trains. 
' With these data, we may now estimate the cost of the electri- 
‘consumed by 180-ft. trains operating to the Southport service (as 


an 7 of a severe service) and to the 8.L.E. service (as an in- 
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stance of a much more moderate service). The price actually paid 
for the electricity for the 8.L.E. trains is, at present, decidedly higher 
than the figures here taken, but the fairly high price in that instance 
is probably, to some extent, incidental to the experimental nature of 
the undertaking at this stage. It is well known that in most districts 
there would, under the conditions already indicated, be reasonable 
profit in supplying railways with electricity at the prices stated, and 
hence it is only on the basis of such prices that the comparisons will 
lead to useful results. 

91 To fix ideas, it can be taken that the author’s figures relate to 
a hypothetical road so situated that his prices for electricity are appli- 
cable, and have been quoted, and that the engineers of this road are 
engaged in determining 
7 a Whether to use the continuous or the single-phase system. 
2 b The schedule speed to be provided on various sections of 

line with various distances between stations. 


> TABLE 12 DATA FOR COMPARATIVE RESULTS OF FOUR TYPICAL CASES» 


Average 
Designating Length of Distance Schedule : 
Number Train, Ft. Between Speed, M1. per Hr. System 
Stations, Mi. 

180 1 32 30 continuous 
| 180 1.32 30 single-phase 
180 0 88 22 continuous 
180 0.88 22 single-phase 


92 Prior to making some detailed estimates, the engineers of this 
railway will first arrive at some general comparative results, as follows 

93 Let the comparison relate to four cases, I, and IV. ‘The 
general particulars of these cases are set forth in Table 12. 

94 Out of the 8760 hours in the year, it is rarely practicable, on 
other than tube railways or railways providing the class of service 
associated with tube railways, to attain (for suburban passenyer 

trains) to much more than 2000 hours of actual service on the |ine. 
Jsually the figure is decidedly less than 2000 hours. 

95 For aschedule speed of 30 mi. per hr. the profitable mileage jer 
train per annum, on the basis of 2000 hours, works out at 60,000 mics, 
and for a schedule speed of 22 mi. per hr. it works out at 44,000 mi es. 
Under the conditions of actual service, there will not be so much 

' difference as this, between the annual average mileage per tr:'n, 
for these two schedules. The more the service conforms to the di- 
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tions of a tramway service, the more uniform and continuous will be 
the sequence of trains; consequently, for the 22 mi. per hr. case the 
author will take the annual average mileage per train at 48,000 miles 
instead of the above 44,000 miles, and for the 30 mi. per hr. case he 
will take the annual average mileage at 54,000 miles instead of the above 
60,000 miles. 
96 The total cost of electricity per annum per train is obtained as 
shown in Table 13. 


TABLE 13 TOTAL COST OF ELECTRICITY PER ANNUM PER TRAIN , 


Schedulespeed, mi. perhr..................... 30 : 22 
Distance between stops, mi... 1.32 0.88 
phase 
Weightof train (from Table9),tons. ................ 118 171 103 


Netconsumption of electricity at train in watt-hr. 


perton-mile (from Table11).. 96 96 79 
Net consumption of electricity at train in kw-hr. 

11.3 16.4 8.2 
Miles per train PEF AMBUM. 54,000 54,000 48,000 48,000 
Net consumption per train per annum (kw-hr)...... 610,000 886,000 394,000 523,000 
Gross consumption per train per annum (= 1.30 

netconsumption) kw-hr........ =” .. 793,000 1,150,000 512,000 680,000 
Cost of electricity delivered at train per arene hr. vo 0.90 0.72 0.90 0.72 
Total annual cost per train forelectricity, £......... 2970 3450 1920 2040 
Total annual cost per train-mile for electricity,d..... 13.2 15.3 96 10. 2 


“7 Questions relating to the depreciation, maintenance and renew- 
als of trains are of so wide-reaching a nature that it would be inappro- 
priate to deal with them in this brief paper. For comparative pur- 
poses, however, the author does not believe that the instructiveness of 
his reuaiiae will be impaired, if he takes at the rough figure of 15 per 
cen. of the cost of the rolling stock, the annual charges for interest, 
depreciation, repairs and renewals. He will term these the annual 
charges for capital, depreciation, repairs and renewals per train, and as 
a check to indicate their general reasonableness, he will, in Table 14, 
als) work out the corresponding values per train-mile. 

“» In Table 15, are brought together the results of Tables 13 and 


——— the many and large remaining costs, there are none in 
wh. the adoption of the continuous system will entail greater costs 
per |»sin than are incurred with the single-phase system. 

li * is well known that the gross receipts for three coach 
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COST OF ELECTRIC SUBURBAN TRAINS 


TABLE i4 VALUES PER TRAIN MILE 


= 


Schedule speed, mi. per hr 
Average distance between stops, mi 


Single- 
phase 
Total cost of train, from Table 9, £ ae 9475 15655 7515 
Percentage taken for obtaining annual capital 

charges, percent............ 15 
Annual cbarges per for capital depreciation 

repairs and renewals, 
Annual charges per ee mile for sented depre- 

ciation, repairsand renewals, d 


System continuous continuous) 


trains on services of this character, are usually of the order of from 40. 
to 60d. per train-mile. Let us fix our attention on a case where thi 
gross receipts are 50d. per train-mile. It is evident from the results in 
the lowest horizontal line of Table 15 that in such a case, whatever 
be the net profits, they will be less if the single-phase system is used 
than if the continuous system is used. The percentage of the gross 
receipts which could be set aside as profits, would for the 30 mi. 


TABLE 15 RESULTS OF TABLES 13 AND l4 


Schedule speed, mi. per hr 
Average distance between stops, mi 


Designating number Il lil IV 
single- single- 
System... - continuous continuous 
phase phase 

Total annual cost per train, forelectricity, £ 2970 345 92 2040 
Annual charges for capital, depreciation, repairs, 

and renewals, per train, £.. 2 23! ‘ 1700 
Sum of above two annual ays, per train, £ 3¢ 8 30! 3740 
Cost per train-mile, for electricity, d.... g 10 2 
Annualcharges for rolling-stock, pertrain-mile,d |. K 5.65 8 55 
Sum of above two outlays per train-mile,d .......... 18 75 


Amount by which the single-phase train costs more 
per train-mile than the continuous-electricity 


per hr., one-stop per 1.32 mile service, te ® es = 12.45 per cent 
o0 
_ greater with the continuous than with the single-phase system For 
- the 22 mi. per hr., one stop per 0.88-mile service, they would s1ill be 
3.9 100 
greater by = —~ = 6.7 per cent. It is common knowledg: that 
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H. M. HOBART 
suburban traffic is at present very unremunerative, although this is 
not always obvious from balance sheets where the profits shown are 
usually very largely from main-line and goods traffic. Confining our 
attention to the suburban traffic, it appears that while there may be a 
few services in which the margin in favor of electrification is great 


many in which the great difference which the author has shown as | 
existing between the two systems would make all the difference between 
commercial suecess and commercial failure. 

101. The subject is a large one with many important aspects. This— 
investigation, however, clearly shows that the selection of the elee-. 
trical system and also the determination of the service to be provided | 
as regards schedule speed, distance between stations and intensity of 
traffic, are all matters demanding the most careful attention and that 
they are interdependent. It is evident from the nature of the case, 


the superiority of the continuous system. But it is also demonstrated 
that even for systems for such moderate severity as 22 mi. per hr. and 
one stop per 0.88 mile, and even when the intensity of traffic is — 
one train every 12 to 15 minutes in each direction, the superiority — 
of the continuous system is still very substantial. It is, however, pre- 
cisely for intense traffic and for severe services, that is, for services 
exceeding the limits amenable to steam-locomotive methods, that 
electricity is preéminently applicable. 

102 A point of considerable interest, disclosed by a comparison of 
the vlues in the penultimate horizontal line in Table 15, is that, 
with '\e continuous system, the components of the total cost per 
train-)ile, which he has considered, are 28 per cent greater (since 
19.51 


1.28) for the 30 mi. per hr., one stop per 1.32 mile service, 


15.25 
than !\» the 22 mi. per hr., one stop per 0.88 mile service, while with 
the si \o-phase system, the cost per train-mile is 37 per cent greater 
(since  ‘“ = 1.37) for the former than for the latter service. This 
is ano point of view from which the greater appropriateness of the 


contin: 1s system for severe services is apparent. 

103 \\ ith the object of basing his comparisons on thoroughly au- 
thentic. cases, the author has taken for the continuous-electricity 
servic. ads employing pressures of some 600 volts at the trains. 


a 
as i ted by the problems the author has worked out, that the 7 

: mor re the service and the more intense the traffic, the greater is Pr 
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There are, however, now a considerable number of roads employing 
a pressure of 1200 volts with conspicuous success; indeed, in some of 
these instances, single-phase equipments have been replaced by 1200- 
volt continuous-electricity equipments. As early as 1904 the author! 
urged the advantages of doubling the customary pressure for continu- 
ous-electricity traction systems, and based his comparisons on the 
precise lines which are now being so successfully adopted. Upwards of 
a dozen roads have now adopted the 1200-volt continuous-electricity 
system of traction. This system effects distinct economies over the 
600-volt system and very appreciably accentuates the contrast be- 
tween the continuous-electricity system and the single-phase system 
1 Electrical Review, vol. 54, pp. 693-765. 
* 
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ECONOMICS OF RAILWAY ELECTRIFICATION 


By Wm. Bancrort Porter, ScHENEcTADY, N. Y 


Member of the Society : 


104 National prosperity and importance are largely proportional to 
facilities for intercommunication, and since overland transportation 
is to so large an extent dependent on railways any development 
providing for better railway service is of paramount importance. 
Steam locomotives and electric motors are the two recognized means 
of applying power which are available for practical railway require- 
ments. The fundamental principles which underlie the problem 
of train movement are the same in either instance, but a true com- 
parison of.their relative advantages can be made only by a study 
of each particular method. 

105 Much that has been written has treated the subject of electrifi- 
cation of steam railways from the general standpoint of averages, 
but unfortunately the economic application of electricity is not 
a subject for generalization—unfortunately, because averages 
are convenient and usually available, but often lead to erroneous 
conclusions, either for or against electrification. It is a mistake to 
assume that the average of the expenses for the entire railroad repre- 
sents the actual expense for the particular conditions usually existing 
on the division under consideration. 

105 On account of the investment already incurred, and because 
the (.estion is usually one of determining comparative results, the 


elect {ication of an existing steam railway is a more complex problem 
than the electrical equipment of a new road. 
107 


Electrification, like any other engineering work, involves an in- 
vest: nt against which there will be a fixed charge for interest and a 
liabil'\ of depreciation. The interest is a constant and permanent 
chare’ which must be met irrespective of any economy which may 
be secured by intelligent operation. The subject of depreciation is 


at the meeting of Tae Awerican Society or MEcHANIcAL 
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receiving more attention than formerly, the tendency having been 
to make the operating expenses cover this charge. However classified, 
the depreciation charge must be accounted for, and it is directl) 
influenced by the character of the equipment with respect to relia- 
bility, durability, and capacity to provide for future requirements 


| 


Wig. 8 Turee-PHase LocomMoTivE USED AT THE CascapE TUNNEL oF 
THE GREAT NORTHERN RAILWAY 


Duty—-Three units to haul 1500-ton train up 2.2 per cent grade 


108 The utilization of highertrolley potentials, made possible with 
direct current by the development of the commutating-pole motor, 
and with alternating current by the development of the single-)hase 
motor; the higher speeds of rotary apparatus in the sub-stations; 
and the development of the steam turbine, have effected a material 
reduction in the investment required and the cost of operation. 

109 The different methods of electrification applicable ‘1 any 
instance should be carefully analyzed with regard to interest, ‘epr' 
ciation and operating expense, and only the net result shold 
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given consideration in determin- 
ing the class of equipment. In 
this connection it is well to bear 
in mind that the expenditure is 
a lump sum which can be accu- 
rately determined, while depre- 
ciation and operating expense can 
be only approximated.  Refer- 
ence to the corresponding items 
of expense on railways operat- 
ing under conditions comparable 
to those of the line to be electri- 
fied, will supply the most reliable 
figures. Future traffic develop- 
ments must not be overlooked 
and the type of initial electrifica- 
tion should be selected with due 
regard to the ultimate require- 
ments. 

110 There would undoubtedly 
be an advantage in having the 
character of the energy supplied 
to the contact conductor uniform, 
but this is out of the question on 
account of the great difference in 
the requirements of specific con- 
ditions, such as congested urban 
or suburban service and com- 
paratively infrequent trunk line 
train movements. 

111 Thesub-station and rolling 
stock may be equipped for opera- 
tion with direct current or alter- 
nating current, single-phase or 
three-phase, and what is com- 
monly spoken of as “the system”’ 
usually refers only to that part of 
the general scheme of electrifica- 
tion which comprises the sub- 
station and rolling stock equip- 
ment. There are exceptional 
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cases where the power station and transmission lines have direct 
relation to the rolling stock equipments; but with the development 
of alternating-current transmission, this is less frequently the case 
than it was a number of years ago when 600-volt power stations 
supplied power directly for the operation of 600-volt motors. 

112 The development of apparatus for higher voltage direct cur- 
rent has so far increased its scope that direct current at either 600 
voltage or higher may be considered the most economical for city 
and interurban service, and for the electrification of steam railways 
where the density of traffic is sufficient to require a relatively large 


Pi 10. OF YorkK CENTRAL LOCOMOTIVE AFTER RUNNING 


PHROUGH SNOW 


investment for dies stock, as compared with that required for the 
Secon ary distribution system and the sub-station apparatus. 

ll. Single-phase and three-phase rolling stock equipments are 
applicuble only to exceptional conditions. The reason for this is the 
great.» first cost of such equipments. This is especially true when 
comp .'ing single-phase with direct-current. The type of equipment 
used 1. the rolling stock may well be a more important factor in the 


econo." of investment and operation than the scheme of power 
distri Hon, 
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114 Under the conditions which exist in America, direct-current 
and single-phase are applicable to either level or grade work; while 
three-phase will probably be limited to the latter where its regenera- 
tive feature of returning energy to the line may be of value. The 
relative economy of the different systems of electrification is depend- 
ent on the density of traffic and the character of power available, 
rather than on the length of the railway. 

115 In cases where purchased power is used, or is depended on 
as a reserve, the frequency of the current supplied by the power 
company will have a bearing on the cost of sub-stations, and will 
thus affect the choice of the system. For direct-current operation, 


Fic. or 60,000-Votr INTERURBAN SuB-SvTaTION, CLARKS 
Miuts, N. Y. 


rota’, apparatus is used for converting the alternating into direct 
current, and the frequency of the supply is therefore relatively unim- 
Portunt. For single-phase operation under the usual conditions, 
a frejuency of not more than 15 cycles is desirable; and to provide 
this ‘requency, rotary frequency-changers are as necessary as are 
rota’ converters in the case of direct current, since the frequency 
of e. sting power companies ranges from 25 to 60 cycles. 

ll With power supplied at the proper frequency for single-phase 
oper con, permitting the use of static transformers and dispensing 
with »oqueney changers, the amount of energy required for a given 
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trunk line service is in many cases nearly the same as for direct 
current, the greater weight of the equipped rolling stock, and the 
lower efficiency of the single-phase equipments, offsetting the rotary 
converters and trolley-line or third-rail losses of the direct current. 


TABLE 16 REASONABLE VALUES FOR TRUNK-LINE SERVICE 
Sus-Srations 
1200 v. 11,000 v. 11,000 v 
D. ©. 1-Phase 3-Phase 


First cost per kw., complete .. $28 $i1 $12 
Comparison of installed kw., % 100-125 100 100-125 
Load factor, machines in service, % ; 35-70 40-80 30-60 
Average efficiency, %. me 78-88 87-92 97-98 97-08 
Yearly operation and $5000 $2500 $2500 


Contact Conpvucrors! 


Third Rail | Overhead 


First cost, per mile $5000 $5500 $3500 $4500 
to $7000 = to. $7500 ~—s to $7000 ~— to $8000 

Efficiency, % 88-92 90-96 93-97 93-97 

Maintenance per mile per year..................... ; 75-$125 $100-$150 $100-$200 $125-$250 


Stock? 


11,000 v. 11,000 v 
1-Phase 3-Phase 


LocoMOTIVES 
First cost, each 
Average efficiency, locomotive wheels to 
trolley, %. 
| per per 


Moror Cars (CoMPLETE) 
$20,000 
Weight, tons (2000 Ib.).. 54 
Average efficiency, wheels to trolley. “igks 73 
Maintenance per car mile, cents , 3.5 


1 Variation in cost of third rail due to different weights of rail which may be required. \V srintion 
in cost of overhead due to variation in the class of construction, such as with wooden poles or with 


steel bridges. 
2 Other weights of locomotives will cost more or less about in proportion to their weight» 
gearless direct-current locomotives, the average efficiency of locomotive wheels to trolley ts 


mately 88 per cent, 


With 
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. 600 v. 1200 v 
,000 $47,500 $64,000 $58,000 
125 125 160 160 
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CONDITIONS DETERMINING RAILWAY EQUIPMENT 


(117. The principal conditions which determine railway equip- 
ment are: 


a Profile of road. 
b Transportation required, 7.e., we ight of trains or seating 
capacity of cars, 
ec Frequency of. trains. 
d Length of individual runs or distance ‘estates stops. 
e Schedule required. 
; Length of railway to be electrified. 


118 In the selection of the electrical system best adapted to a 
particular set of conditions there are three items to be considered: 
(a) sub-stations, (b) contact conductors, (c) rolling stock. A com- 
parison of these items determines the relative economic values of 
the systems. There are certain features under each of these items 
which may properly be examined. For trunk-line service the values 
in Table 16 will be found within reasonable limits for the usual require- 
ments. 

119 We will consider briefly the effect of changes in the Data 
Sheet items (Par. 117): 


4 Profile: From a level country to a limiting grade of 1 or 

14 per cent there will be little difference in the relative 

i values of the systems. With steeper grades the condi- 
tions will be more favorable for alternating current. 

b Traffic Requirements: Heavy individual train units favor 
the alternating-current system with exception of the 
locomotives; light trains or multiple-unit operation favor 
the direct-current system. 

c Frequency of Trains: Infrequent service with a relatively small 
number of locomotives favors the alternating-current, fre- 
quent service the direct-current. With increase in number 
of trains, the direct-current systems gain relatively faster 
than the alternating-current in economy of operation, 
due to relatively decreased sub-station operation, in- 
creased sub-station efficiency, and lower cost of equip- 
ment maintenance. It is therefore well to consider 
what the ultimate traffic density may be and select the __ 
system best suited to meet these requirements. 
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d, e Distance between Stops and Schedule Required: Variations 
in these will not affect the relative value of systems unless 
extreme requirements, such as high schedule speed wit! 
short runs, make the use of direct current imperative. 

f Length of Road: For a similar character of service throughout, 

st the railroad may be of any length without affecting the 
relative desirability of the various systems. What is 
suitable for the first fifty miles will be equally suitable for 
any extension. 


An examination of these variables will show that a change in the con- 
ditions to be met will radically change the relative economic value 
of the systems of electrification. 

120 The single-phase system, by reason of the apparent simpli- 
city of its elements and the utilization of higher potential for the 
contact conductor than is possible with direct current, is ad- 
mittedly very attractive. There is the other side of the question, 
that it is impossible to build a single-phase commutating motor com- 
parable in first cost and maintenance with a direct-current motor. 
Over this subject of alternating-current single-phase vs. direct- 
current systems there has been a great deal of controversy. It is 
our opinion that comparative results obtained up to the present 
time are in favor of direct-current. 

121 Desirable as would be a standard system for all classes of 
service, we cannot hope to establish such a standard should it impose 
an additional expense without adequate return. A summing up of 
all the elements of each electrical system will generally lead to a defi- 
nite showing of which system is most desirable to meet specific con- 
ditions. For trunk line service a higher potential than 600 volts 
will unquestionably be used; 1200 volts direct-current will prove 
economical in some cases, but a still higher voltage is required to 
provide economically for the heavier intermittent service. Whether 
this potential will be 1800 or 2400 volts direct-current or 11 ,(00 
volts alternating-current cannot be settled arbitrarily. 


122 Let us consider the interurban railway situation in the Usted 
States, particularly in regard to the various available schems of 
electrification. These are, 600-volt direct-current, 1200-volt «rect 
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current, and single-phase, the three-phase being debarred on account 
of the complications of the necessary double overhead-distribution 
system. 

123 The application of single-phase to new projects has been 
practically abandoned, there having been but one or two new installa- 


Fic. 14 Typrcan American Overneap 6600-VoLT SINGLE-PHAsE INTERUR- 
TRouvey Line, Bauttimore & ANNAPOLIS SHort Ling, ANNAPOLIS, Mp. 


’ tions in the last three years. This arrested development of a system 
wih for a short time held forth considerable promise, has been 
bro ght about by a general recognition of its limitations. Experi- 


has shown these to be: 


a Excessive weight of rolling stock, 
b Excessive cost of rolling stock. ] (micit®Oeso 
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ce High cost of equipment maintenance. 

d Increased power consumption. 

e Rapid depreciation of motor. 

f Rapid depreciation of car bodies and trucks. 

g Increased cost of maintaining track and road-way. 


Moreover it is recognized that any interurban road in the United 
States must be capable of operating over existing city tracks from 
600-volt direct-current trolley, a condition which hampers the single- 
phase system on account of increased complications in the contro| 
system. 

124 Forinterurban railways a potential of 1200-volt direct-current 
has been selected, because with the motors wound for 600 volts the 
car may be operated at the same speed from either 600 or 1200-volt 
trolley, by connecting the motors all in parallel for 600-volt operation, 
and two in series with two groups in parallel on a 1200-volt section. 

125 To show clearly the relative merits of the systems we have 
made an analysis of an interurban railroad 100 miles long with cars 
in each direction every hour. This condition represents practicall) 
the minimum car requirements in the United States, and is therefore 
favorable to the single-phase. It is obvious that any increase in 
traffic density will be relatively more favorable to the direct-current 
system on account of the lower first cost of cars, lower car mainten- 
ance and relatively lower cost of sub-station operation. 


126 Assume a typical interurban condition: 


a Profile: rolling country. 

b Transportation required: passenger cars to seat 50 passen- 
7 gers and having baggage compartment; or the equivalent 
of 60 passengers without baggage compartment. 

-¢ Frequency of trains: one every hour in each direction 
d Average distance between stops: 3 miles. —_ 
e Schedule speed: 33 miles per hour. 

f Length of road: 100 miles. 

g To operate on existing 600-volt city tracks. 


The general data required are approximated in Tables 17 to 22. 

127 There will be an additional cost of operation and maintenance 
with the single-phase system for the items of track and roa way, 
due to additional weight of cars, car shop expenses in prov (ling 
greater facilities for shop inspection and repairs, and great: aici 
in superintendence of equipment. In a number of instance 
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WM. BANCROFT POTTER 
has been found to amount to several cents per car mile. A conserva- 
tive estimate would require at least one cent per car mile to be added 
for these items. 
128 The comparison in Table 22 brings out the fact that even for 
conditions selected as favorable to the single-phase system, the 600- 


Fig. 1200-Votr Direct-CurrENT OVERHEAD-LINE CONSTRUCTION OF THE 


Pirrspure, Harmony, Butter & New Castie Rariway, Pirrspura, Pa. 


volt 


irect-current system is the more economical considering opera- 
tion, :,aintenance and fixed charges. An examination of the elements 


at o: 
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Systi 


enter into the first cost and operation of a system will show 
that as the density of traffic increases there is a rapid gain 
‘clative advantage of the dire ct-current over the single-phase 
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TABLES RELATING TO TYPICAL INTERURBAN ELECTRIC 
SERVICE 


ae TABLE 17 GENERAL DATA FOR CARS 


Seating capacity, passengers.................. 
Distance between stops, miles 

Schedule speed, miles per hour 

Maximum speed, miles per hour 

Weight each car, tons (2000 Ib.).............. 


Miles per car per day, average’.. 
_ Estimated maintenance per car mile, cents. 
a Electrical 
| 
Total car barn expense 
Amperes starting car 
Amperes running car. 
Kilowatt hours per car mile at car 78 
Cost each car complete... ... $17,000 


TABLE 18 SUB-STATIONS 


“Size each kilowatts 
Number of units 
Load factor (machines in service). 
7 Average efficiency 
Cost each sub-station complete. 


1 On twelve American single-phase interurban roads the average miles per day called for on the 
published time tables, divided by the number of cars owned, is 138; on four 1200-volt roads which 
have been operating over a year this number is 237, the larger number of alternating-current cars belng 
required on account of the fact that a greater number are necessarily held in the barn for !n-,,cction 

maintenance purposes. This explains why, in the table above, 18 alternating-curren! 
assumed and 15 direct-current cars. 


= = 15 15 18 
60 60 60 
3 3 3 
; 33 33 33 
48 48 55 
| 
600 v. 1200 v. 6600 v. 
D.C D.C. A.C 
Number of sub-stations...................... 9 4 2 
Estimated momentary demand 
Cars running........... 1 1 
Peak load, kilowatts... 416 448 670, 
300 300 300 
2 2 3 
0.76 0.87 0.96 
$24,000 $26,400 $10,000 
, 
~ 
= 
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TABLE 19 FEEDER COPPER REQUIREMENTS 


1200 v. 
D. C 


Maximum momentary demand midway be- 
tween sub-stations. 


Distance between sub-stations 

Equivalent stub-end feed 

Feeder required additional to 4/0 trolley... 
Cost overhead construction per mile, tnclud- 

5 ing both trolley and feeder................. $2300 $2100 


~ Bonding taken as $400 per mile of track. 

Transmission line taken in each case as $840 per mile of track and assumed to run entire length of 
right of way. 

Power house: No power house is included, but It is assumed that power is purchased at the power 
station bus at one cent per kw-hr. and fed at any convenient point into the transmission line. 


rABLE 20 POWER CONSUMPTION 


(1200 6600 
A.C. 


‘ta kilowatt-hours per day at cars . A 8400 


ifficlency, secondary distribution........... 0.90 
Sub-stations 
Transmission line and power house stepup 
transformers. ...... 
Combined efficiency... 
watt-hours per day at 13,100 


21° SUMMARY OF COSTS 
First Costs 


600 v. 
CG, 


$ 84,000 $ 84,000 
216,000 105,000 
230,000 210,000 
40,000 40,000 
150,000 172,500 308,000 


$720,000 $612,500 $640,000 


921 
600 v. 6600 v. 
0 
150 
66 6 
16.6 = 
none 
©. 
8650 11,400 
09 0% 
| 0.87 0.96 
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ECONOMICS OF RAILWAY ELECTRIFICATION 


ANNUAL Fixep CHARGES 


— 
Life Annuity 600 v. 5 6600 v. 


DEPRECIATION 
Years 5% ©. ©. 


Transmission 30 34 $ 2,560 f $ 2,500 
Sub-stations 30.34 6,600 3,2 600 
Secondary distribution....... 1 46 34 10,600 7 8,800 
Bonding 79.50 3,200 : 3,200 
62.83 } 19,200 


Total Depreciation......... $26,600 $54,300 
Interest 5%, taxes 1.5% of cost of electrical 
$39,800 


INTEREST AND TAXES 


INSURANCE 
1.5% of sub-station and cor costs Sob eeacte $ 5,500 $ 4,200 $ 4,000 


Total fixed charges $81,200 70,600 $80,800 


ANNUAL OPERATION AND MAINTENANCE 


600 v. 1200 v 6600 vy. 
mC. dD. C. A.C 


Sub-stations. 17,000 7,600 
Secondary distribution, including bonds.... 9,000 9,000 10,000 
Power at one cent per kw-hr... 47,800 2,700 | 49,000 
Additional cost maintenance of track and | 

roadway, shops and supervision, due to 

heavier cars and more expert supervision | 

required for the single-phase............. 10,900 


TABLE 22 COMPARISON OF COST OF SYSTEMS 


ae 600 v. 1200 v. 6600 v. 
_ D.C. D.C. A.C. 


1 First cost . $720,000 $612,500 $640,000 
2 Fixed charges. $ 81,200 $ 70,600 $ 80,800 
3 Operation and maintenance................ 95,800 82,300 104,001 


4 Annual cost (Item 2 plus Item 3) $176,000 $152,900 $184.80) 


Based on 1,095,000 car miles per year, addi- 
tional annual charge per car mile above the 
cost for 1200 volts, in cents 
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129 The saving effected by the 1200-volt direct-current system is 
so marked that a great increase in the adoption of this potential for 
this class of interurban railroading may be anticipated, and on the 
other hand it will not be surprising if the single-phase interurban 
system is entirely discardedin America, unless some marked improve- 
ment is made in the art and a more economical equipment made 
available. There is no question regarding the mere movement of 
trains by any particular system—this may be taken for granted. 
The study of electrification is really a problem in economic engi- 
neering and not simply 1+ technical problem. 

130 Reliability of operation is of the greatest importance, not 
only to the public but to the operating company, and in this respect 
the electric motor with its simpler construction, even though the 
general service is supplied from a central power station, has proved 
its superiority over the steam locomotive. Except in the case of 
some extraordinary accident, the power station, sub-stations and 
transmission line, in their entirety, are rarely rendered inoperative. 
The liability to interruption is principally centered in the equipment 
of the rolling stock, and for this reason the mechanical and electrical 
design of the motors, control and equipment devices, should receive 
careful consideration. 

131 The electrical equipment of motor cars and locomotive is 
exposed to a large extent to dirt, water and snow, and not being par- 
ticularly convenient for inspection, it usually receives less attention 
than the apparatus in the power station and sub-stations. It is the 
custom on many roads to give the equipments a regular inspection 
onc: ina thousand or fifteen hundred miles, depending on experience, 
an’ to dismantle them for a thorough overhauling once a year. 
Th. character of the rolling stock equipment is a factor of far more 
importance to the reliability of the service than is often appreciated. 

\\2 ‘The steam locomotive has been brought to its present state of 
dev: lopment through many years of experience. It is an exponent 
of te highest type of mechanical design, and notwithstanding its 
limitations, is remarkably efficient as a source of power. During 
the past twenty years the power of the steam locomotive has been 
pract\cally doubled, but the demand today is for still greater power. 

\-) The multiple-unit idea, to which electric service is so well 

‘od, was utilized in the design of the Mallet type of steam loco- 


where the driving engines of two practically separate 


mot; 


= 
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locomotives are supplied with steam from a single boiler. Mallet 

locomotives have been built having a weight of 441,000 lb. on th: 

drivers, the boiler having over 5800 sq. ft. of heating surface and a 

grate area of 100 sq. ft. To fire properly a locomotive of this capacity 

is difficult, and unlike the electric locomotive, its effectiveness depends 
on the steam from its own particular boiler. 

134 With existing road clearances the steam locomotive unit, con- 
trolled by a single engineer, seems to have reached nearly the limit 
of power. The power of a steam locomotive being limited by the 
capacity of its boiler, an increase in speed can be secured only by a 
proportional reduction in tractive force. The electric locomotive, 
on the other hand, issupplied with practically unlimited power from 
an independent power station, and can maintain a speed and tractive 

— foree that would be impracticable with a steam locomotive. The 
application of electric locomotives to passenger and freight service 
will result in faster schedules with equal or even heavier trains than 
are at present handled by steam locomotives. 

135 Since the electric locomotive is equipped with a number of 
independent motor units, controlled by one engineer from a single 
master controller, it makes no difference, considering the complete 
locomotive as a machine, whether it be built as a single unit, or as 

two or three units having the same total weight on the drivers. For 
convenience in operation and repairs, it is probable that a single 

electric locomotive unit will be limited to a weight between 200,000 

= 300,000 lb. onthe drivers, even when built for the heaviest service. 

There are electric locomotives now under consideration which as 

- single units will exert a maximum tractive effort of 90,000 Ib., and 
= will be capable of maintaining a tractive effort of 35,000 lb. 
ata speed of 30 miles per hour. 

136 Many of the terminal and tunnel electrifications have !een 
brought about from the desire to do away with the danger and 
nuisance caused by smoke and gas. The elimination of smoke has 
also an economic aspect in the electrification of terminal stations, 
in permitting material improvement in the character and value of 
railway buildings. The Quai d’Orsay terminal of the Paris-Or cans 


Railway in Paris, which has been in operation since May 190, was 
I 


the first instance where a steam railway profited by this featie of 
electrification. 

137 The enhanced value of railway buildings is seen to a m irked 
degree when terminals are electrified in large cities in which land \ «ues 
are a The fact that electric operation will permit pla‘ rms 
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on two or more levels adds greatly to the capacity of the station, 
or conversely, decreases the land area required for given traffic facili- 
ties. In the case of the New York Central terminal in New York 
City, there will be two levels of platforms, the entire suburban facili- 
ties being placed below those of the main line. The Pennsylvania 
terminal in New York is another instance of station design affording 
facilities for handling traffic that would be impossible under steam 
operation. 

138 The electric locomotive is well adapted for the handling of 
trains where the character of the service will not permit the opera- 
tion of individually equipped cars. Where the service is self-con- 
tained, individually equipped motor cars, operated in trains with 
multiple-unit control, are recognized as providing for the most efli- 
cient handling of traffic. 

139 Economy in operation will be secured by proportioning the 
number of cars in a train to the traffic required during different hours 
of the day. The patronage on which the gross receipts depend will 
be much encouraged by providing a service with short intervals 
between trains. In the study of any scheme of transportation, due 
regard should be given not only to economical operation but also to 
the method of handling which will insure the maximum gross receipts. 

140 The author desires to express his thanks to Mr. C. E. Eveleth 


eo his assistance in the preparation of this paper. 
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THE ELECTRIFICATION OF TRUNK LINES 


By L. R. Pomeroy, New Yorr« 
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7 
141 Itis assumed from a physical and mechanical viewpoint, that 
electric traction can meet all the demands and requirements of rail- 
road service. Therefore, whether electricity will replace steam 

traction or not is entirely a commercial problem. 


No. 1293¢e 


THE COMMON DENOMINATOR=COMMERCIAL CONSIDERATIONS’ 


142 It may be stated at the outset that whatever system of elec- 
trification is adopted, a very large outlay has to be faced and no case 
for electrification can be made out unless an increase in net receipts 
can be secured more than sufficient to pay interest on the extra capital 
involved. This increase may be brought about either by decreasing 
the working expenses for the same service, by so modifying the service 
as to bring in a greater revenue, or by a combination of these. 

113. However, there is hardly a steam road in existence today which 
does not have divisions or sections, where distinctly local traffic 
can be handled more profitably by light, comparatively frequent 
electric service, than as now, with heavy steam trains. Steam and 
electric service can be operated over the same tracks without 

Commenting on the problem of electrification of the Central Pacific over 
the Sierras, Mr. Kruttschnitt says: “Eastern critics may be inclined to the 
opinion that we are dallying with this matter. We have found that it pays 
well 'o make haste slowly with regard to innovations. Electrification for 
mou.tain traffic does not carry the same appeal that it did two years ago. 
Oil} irning locomotives are solving the problem very satisfactorily. Each 
Mal! « compound locomotive, having a horsepower in excess of 3,000, hauls 
as grout a load as two of former types, burning 10 per cent less fuel and con- 
suming 50 per cent less water.’’—Wall Street Journal. 

at the meeting of Tae American Society Or MECHANICAL ENGI- 


NEF! ith Tue Institution or MecnanicaL EnGinegrs, London, England, 
July 
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pow waa embarrassment to either. In so doing each kind o} 
service would be appropriately handled in a manner best suited to 
the conditions of each. 

144 The fundamental principle, based on the present state of the 
art, seems to be that if you cannot accomplish something by means 
of electricity that is now impossible by steam traction, there is 
nothing to justify the change; the mere substitution of one kind of 
power for another, merely to obtain the same result, is not commer- 


cially warranted 
ao 145 There are certain inherent advantages in electrical operation 
that have shown up very well, because the increase in business 
has absorbed the increased interest account, but these cases hardly 
apply to trunk line conditions, as the law of induced travel has no 
bearing on freight train operation, the principal business of trunk line 
roads. 
> 146 In heavy work the limiting feature of the steam locomotive is 
the boiler, and the maximum adhesion can be utilized only at low 
speeds. for example, a 2-8-0 locomotive with 180,00C Ib. on the 
drivers, has a tractive force, at 10 miles per hour, of about 40,000 |b. 
or 4.5to1. At30 miles per hour the tractive force becomes 13,250 
lb. or 30.2 to 1. As tractive force governs the tonnage hauled, the 
ability, of the electric locomotive to utilize almost indefinitely power 
- proportional to the maximum adhesion and produce a drawbar pull 
pans independent of the critical speed of a steam locomotive, as 
_ limited by the boiler, is a marked feature. 
147 In heavy grade work the ability to increase the speed shows up 
favorably to the electric locomotive as enlarging the capacity of a 
given section, but here also the business has to be sufficient to 
absorb the increase in fixed charges. 

148 With steam locomotives a coal consumption, when running, 

a 4 to 5 lb. per i.h.p-hr. really means 6 or 7 lb. at the rail, when the 
losses due to firing up, laying by in yards and sidings, blowing off 
at the pops, and consumption of the air pumps, are taken into account. 
Whereas, under electric operation, with an efficiency of 65 to 70 per 
cent between the power house and the rail, a coal consumption of 
4 lb. per kilowatt hour at the rail can be counted on. 

149 The writer is informed that the Metropolitan Street Railway 
station (1903) with a 40 per cent load factor, produced power, at the 
switchboard, at the rate of 4.7 mills per kilowatt hour (or 3.5 mills 
per horsepower hour), and with a load factor of 55 per cent which 
prevails in the winter time, the cost is at the rate of 4.43 an. 3.4 
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mills respectively. These costs cover ali expenses and repairs except 
fixed charges. The coal consumption is 2.9 lb. per kilowatt and 2.16 
lb. per horsepower hour. 

150 L. B. Stillwell is authority for the statement that the Inter- 
borough is producing power at the rate of 2.6 lb. of coal per kilowatt 
hr. or 3 lb. at the drawbar. 

151 Another authority gives the following figures for the elevated 
roads for cost of power, $0.005 per kilowatt hour at the switchboard, 
$0.0066 at the third rail shoes, or $0.0089 at the rims of the drivers. 
These figures are exceptional and hard to duplicate and as the fixed 
charges are not included, the writer would consider 1} cents per kilo- 
watt hour at the rail a conservative figure, and will use this cost 
in the following computations. 


RELATIVE COST OF COAL FOR STEAM AND ELECTRIC OPERATION 


152 1t may be fair to assume that where average coal is used, we 
can count on about $2.25 per ton for locomotive coal on the tender, 
while a much cheaper grade can be used in the power house, costing, 
with modern coal handling facilities, about $1.50 per ton. At this 
rate the relative difference in the cost of coal at the rail would be 
represented by the following figures: 

Electric power station 50% eff. xX $1.50 
Steam locomotive 7 X $2.25 


or 50 per cent in favor of electricity. The following results of the 
Mersey Tunnel operation are pertinent: Under electric operation 
one ton of coal at $2.10 vields 2.29 ton miles at 224 miles per hour, 
while with steam, one ton of coal at $3.84 yields 2.21 ton miles at 
17; ‘niles per hour. The difference amounting to 55 per cent is in 
favor of the electric operation, thus: 


55% 


3.84 229° ~ 3.84 


2.10 | 17.75 _ | 210 | 22.5 X 2.21 


2.29 X 17.75 


|... On mountain grades or in heavy freight service, where the 
boile: of the freight locomotive is forced to the limit, and the boilers 
are igned for this particular purpose, the showing is still more 
favo:.ble to the electric side. Especially is this true when the 
Steaiv Locomotive is detained on side tracks for as long a period as 
it tak«s to make the run, which is very frequently the case, since under 


— 
- 


total operating expense. A 2-8-0 locomotive with 50 sq. ft. of grate 
surface burns 300 lb. of coal per hour while lying on side tracks. 


are burned per hour under the same conditions. 

154 The cost of a unit of power with the steam locomotive becomes 
relatively higher under maximum than minimum boiler demands, 
while with electricity the cost per unit is at a uniform rate, whether 
working under extreme or light power demands. For example: 

155 Case 1. A consolidation (2-8-0) type locomotive with 180,000 
lb. on 57 in. drivers, 50 sq. ft. of grate surface, working under maxi- 
mum conditions on a 14 per cent grade, would burn 150 |b. of coal 


_ per sq. ft. of grate surface per hour and evaporate from 12 to 15 Ib. of 


_ water per sq. ft. of heating surface per hour. Under these conditions 


the cost per 1000 ton miles would figure out 2s follows: uy 


F X price per ton X R X 1000 


= Cost per 1,000 ton miles 
2000 X m.p.h. X TF 


where F = coal per hour (150 lb. X 50 sq. ft. of grate surface). 
resistance to be overcome [(grade per cent X 20) plus 6]. 

E = 80 per cent efficiency to cover losses such as cleaning fires, idle time 
while under steam, cylinder condensation, air pump consumption, 
ete. 

TF = tractive force, in this case 180,000 Ib. on drivers + 4.5 = 40,000 lb. 


Substituting these values, the formula becomes 
7,500 Ib. X $2.85 X 36 X 1,000 — 
= $1.20 


2,000 x 10 X 80% X 40,000 


If the same service is handled by electric locomotives the cost on 


similar basis becomes 


oR (watt-hr. per ton mile) X 1,000 tons price per kw. at the rail 
1,000 watts 


36 X 2 X 1,000 01, 
gy 
‘ 1,000 


156 If locomotive coal is taken at $1.70 per ton (the price in 
Eastern Pennsylvania for low grade soft coal), the cost for coa! for 
locomotives under the foregoing conditions would be: 


i. 1.70 
(a) Steam, = $0.716 
2.85 
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(b) Electric current reduced to Ic. per kw. hour at the rail: 


0.90 X le. 
= $0.72 


157 Case 2. An express passenger locomotive of the Atlantic 
(4-4-2) type, with the following data: Cylinders 21 by 26 in., boiler 
pressure 200 lb. per sq. in., weight on drivers 102,000 lb., heating 
surface 2,821 sq. ft., grate surface 50 sq. ft., rate of combustion 150 
lb. per sq. ft. of grate surface per hour, speed 70 miles per hour. 
Figuring as in Case 1 


7,500 2.85 20 1,000 
2,000 X 70 X 80% X 5.350 


ea 
Under electric conditions we have 


2 01 1,000 t 
20 X 2 $0 008 


1,000 watts 


or 284 per cent less. 

158 If coal is taken at $1.70 per ton, asin Case 1, the cost isreduced 
from $0.71 to $0.42, making the difference slightly in favor of steam. 

159 These figures apply only to the conditions named, and average 
conditions on an undulating profile, when coasting is occasionally 
possible. With the benefits of momentum grades, also, the figures 
would be relatively less, but the electric locomotive would respond 
and benefit accordingly, so that the percentages would be approxi- 
mately the same. 

160 When steam locomotives are loaded to their capacity, as is 
generally the case where tonnage rating is practiced, the rate of com- 
bustion of 150 Ib. of coal per square foot of grate surface per hour, 
will still hold good and remain constant, the tons hauled being the 
variable, responding to or being modified by the speed or physical 


con itions of the road. 


SAVINGS CLAIMED FOR ELECTRIFICATION Ss «+i 


‘| In view of the foregoing the following extract from an article 
by \ir.C. L. De Muralt will be of interest. The figures are from the 
anna! report of 1903 of the roads named. 


COST OF OPERATING TRUNK LINES a 


Fuel for locomotives $4,635,877 
Water “ i 295,583 
Other supplies for locomotives 5 334,673 
Wages: Enginemen and roundhouse men ,716,848 4,928,443 
Other trainmen 2 2,991,335 
Switchmen, flagmen and watchmen 900,42 2,511,552 

Other expenses of conducting transportation.... 14,540,542 11,607,538 
Repairs to locomotives 4,412,983 3,608,972 
other equipment 10,674,726 5,661,992 

8,542,935 6,145,341 


uth $64,928,894 $46,962,491 


~ 162) Mr. De Muralt then applies the figures found during the course 
of his investigation, which would lead to the following reductions if 
electricity was adopted as a motive power. 


P. R. R. N. 
Water saved entirely 335,286 295,583 
Other supplies 50 per cent. 191,274 167,336 
Wages, enginemen, etc., 25 per cent 1,429,212 1,207,361 
Repairs to locomotives 2,206,492 1,804,486 


_ Total amount saved $4,762,277 $3,938,154 


163 The saving in water alone capitalized at 5 per cent equals 
$6,750,000 for the former and nearly $6,000,000 for the latte: road. 
As large as these alleged savings are, yet they would not amount to 
more than 24 to 3 per cent on the necessary increase in capital to 
electrify the roads on which the foregoing savings apply. 

164 While the first cost for power stations and electric equipment 
represents a large outlay, yet such items as the cost for repairs of 
locomotives and shops, expensive hostlering at terminals, coaling 
and water stations, and the incidental labor charge and repairs thereto 
will, in the aggregate, be materially reduced. The compare tive 
saving in repairs will be indicated by the following figures: _ 
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Repairs = Steam Electric 
Boiler 20% 0% 
Running gear 20% 20% 
Machinery 30% 15% 
Lagging and painting 12% 5% 
Smoke box 5% 

Tender 13% 


100% 
OTHER COMPARISONS BETWEEN STEAM AND ELECTRIC LOCOMOTIVES 


165 tis further claimed that, with electric operation, greater mile- 
age is possible with the electric jocomotive and that fewer units 
are necessary to perform the same service. Great stress is laid 
on the fact that the ordinary freight locomotive makes only 3,000 
miles per month, or 100 miles per day, against which is put forward 


22% 


B 


the ability of the electric locomotive to perform practically continu- 
ous service, suggesting the propriety of comparin:z electric and steam 
operation on the basis of ton miles per annum each is able to make and 
also the relative weight on driving wheels and not their total weight. 

106 The operating efficiency of asteam locomotive in freight service 
is so low, averaging about 3,000 miles per month, that it is generally 
thought due to limitations, per se, in the locomotive, whereas it is 
mainly due to operating and traffic conditions, which limitations 
wold apply with equal force to the electric locomotives, so that bar- 
rine :ome increase in speed, the electric locomotive can make no greater 
milesze than its steam competitor in equivalent service, consequently 
its <»lendid ability to perform almost continuous service cannot be 
rea!ivod in practice for reasons aforesaid. 

l Let the rectangle ABCD represent a day of 24 hours; the 
shai) area ABzy that portion of the time for which the mechanical 
depiment is responsible =22 per cent; the area xyqz, the average 
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time the locomotive is performing useful work =28 per cent——i. ¢., 
actually pulling trains, 3000 miles per month, 100 miles per day; 
while the portion of the diagram bounded by q2('l), is the period 
or balance of the time that the locomotive is under steam, with crew, 
and ready to go, and represents the time at terminal yards, side tracks 
and awaiting orders, ete. = 50 per cent. 

168 It is just here that our electrical friends make the great mis- 
take of claiming “‘greater capacity” for the electric locomotive 
over its steam equivalent. It is conceded that under electric con- 
ditions the area ABry may be reduced as much as one-half and 
perhaps, owing to greater speed, the area xyqz may be increased, 
but the ‘“‘lost motion” period due to craffic and operating causes will 
be relatively the same for both. The percentages are from an actual 
three months’ test on a trunk line reported in1904 in the proceedings 
of the American Railway Master Mechanies’ Association by the 
committee on time service of locomotives. 

169 The only cases where electric operation is commercially justi- 
fied is in congested local passenger situations where the conditions 
closely approach those of a “moving sidewalk” and the records 
show that these cases have been profitable only when a large increase 
in business has been realized. 

170 A modern Atlantic (4-4-2) type locomotive weighs, including 
tender, 321,620 lb. with a maximum tractive force of 23,500 Ib. The 
ratio of total weight to tractive power is 133 to 1. The New York 


Central electric locomotive, with a total weight of 192,000 lb. and a 


tractive effort of 27,500 lb. has a ratio of 7 to 1. The comparison 
_is still more favorable for electric freight locomotives where the entire 
weight is on the driving wheels. 


POWER STATION CAPACITY 


171 Theimpression is quite prevalent that if 100 steam locomotives 
are required to operate a certain division, a power station capa- 
city equivalent to 100 locomotives would be necessary, if operated 
electrically, whereas the generator capacity, barring the installation 
of spare units, would be of such size as to meet the average load. 
This average can be determined by laying down a train sheet, ‘rom 
which the load at any hour in the day can be seen and the poaks 
located. 

i172 For ordinary computations the number of trains to provide 
for is, approximately: 
total train miles per hour 

mean speed 


| 
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173 This formula is the result of cancellation from the following: 


(a) h. p. days + Aggregate h. p. 


That is: 
(b) 5,280 X (distance miles) X (no. trains) X (tons) x R 
47,520,000 ft.Ib.inlday 


R = resistance due to gravity, + resistance due to speed, + curve resistance. 
Transposing and cancelling: 


(c) distance miles X no. trains @?i 


LOAD AVERAGE SPEED 


37 freight trains at 15 m.p.h. 37 X 15 m.p.h. = 555 
22 expresses at 50 m.p.h. 22 X 50 m.p.h. = 1,100 
21 locals at 30 m.p.h. 21 X 30 m.p.h. = 630 

80 trains total. 80 2,285 


2285 + 80 = 28 average m.p.h. 


80 trains X 183 miles ' 
= 22 trains 
- 24 hr. X 28 m.p.h. 


174 For more accurate work a train sheet shoul: 1 be made e either 
with miles as ordinates and time as abscissaec, or one with trains 
as ordinates on a time (abscissa) base. 

\75 Relative to RF (7.e., resistance for gravity), divide the profile into 
sections, one for each change in grade, plusor minus as the case may be: 


H ai 
52.8" per cent grade 


Fac! 1% grade = 20lb. = R 


AD 

for curves 0.56 Ib. per deg. 
m.p.h. al » 

4 


RP for level sections = 2 + P 
leas 2 D miles > 


''5 Consider the example of a road or division 100 miles long on 
which a given train requires 2,000 h.p. to keep it in motion. If 20 


4? 
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cars take a maximum of 100 h.p. each, the electrical conductors and 
distributing apparatus will never be required to deliver more than 100 
h.p. at any one point. If on the other hand, the entire traffic of the 
line must be concentrated in a single train, the electrical conductors 
and distributing apparatus must deliver the full 2,000 h.p. at each 
and every point. In other words, with the concentrated load, the 
capacity of the distributing apparatus at each and every point 
must be 20 times as great as the capacity when 20 cars are used to 
give the same total load. Electric traction has proved its superiority 
for distributing loads, but concentrated loads are still hi andled almost 


exclusively by steam locomotives. : 


a’ SOME ADVANTAGES OF ELECTRIC LOCOMOTIVES ld 


177 Intheannual report of the P. R. R. (1903) the president states: 
“That the congested condition of your system has brought about 
a large increase in the ton mile cost, which for 1903 was 25 per cent 
greater than for 1899. In order to prevent the increase in ton mile 
cost, it is necessary to move freight trains faster in places where traffic 
is dense, and for such purposes the electric locomotive is most efficient.’’ 

178 With steam locomotives the most economical average speed, 
for freight service, is 12 to 15 miles per hour, where there is ample 
track space for the free movement of trains. With a dense traffic this 
free movement can only be obtained by a higher speed and if the large 
train tonnage be maintained, more horsepower is required of the 
engine and boiler. It is difficult to increase the size of steam freight loco- 
motives without resorting to the Mallet compound articulated type, 
and here we have the equivalent of two locomotives in one machine. 

179 With the electric locomotive it is possible to develop a much 
greater horsepower and a large percentage of overload at the time 
when needed and do it more economically than with steam. ‘The 
New York Central electric locomotive has a maximum peak horse- ° 
power of 3,000, which is 25 per cent above normal. This maximum is 
about double the power which can be obtained from the New York 
Central standard Atlantic (44-2) type locomotive. Similar pro- 
portions can be obtained for electric freight locomotives and their -'z¢ 
and power are not limited by boiler capacity. If the steam locomo'ive 
is capable of developing 30,000 T. F. at the drawbar at 12 m.p.h. or 


and it is required to increase the speed of the train to 20 m.p.h. and 
maintain the same tonnage, then 1,600 h.p. will be required, which 
means the employment of a much larger locomotive or double 
heading. 

180 The advantage of the overload capacity on short mountain 
grades or for strategic peaks is one of the strong points in favor of the 
electric machine and would make electric operation applicable to 
special cases rather than a universal substitute, in the broad light 
of commercial considerations. 


GENERAL CONCLUSIONS Gals. 


181 Our conclusion, from this survey of the situation, is that the 
rapid development of suburban passenger traction by electricity 
will require large power houses at large cities and these can gradually 
be made sufficient for working the line on further stretches in each 
direction, handling congested terminals, or used where commercially 
practicable, until it may be desirable to electrify the entire division. 

182 Electric operation as compared with steam shows to greatest 
advantage in urban and suburban passenger service. Here, if multi- 
ple unit trains are employed, so that a considerable fraction of the 
total weight is carried on the driving wheels, thus permitting a high 
rate of acceleration to be used, a schedule speed quite impracticable 
in steam operation can be maintained. Moreover, a more frequent 
service can be given without a proportional increase in expense, whilst 
in times of light traffic small trains can be run, the energy consump- 
tion per train in such service being almost in proportion to the num- 
ber of coaches. The law of induced travel, however, applies to urban 
and suburban passenger service, but does not hold for trunk lines and 
especially freight service. 


a) 


TO DETERMINE WHETHER IMPROVEMENTS ARE JUSTIFIABLE - 


185 Under trunk line conditions the only thing that interests 
railway managers is the traffic available at the present, relatively 
speaking; the future is too indefinite to be capitalized to any great 
degree in advance. It is more in the line of insurance companies to 

capitalize expectations.” 

184 In grade revision the authorization for expenditure is based 
on the saving in train miles capitalized. The foliowing is a concrete 
ease from a Western road, or rather the summation of the engineer’s 
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report as to just what the proposed rearrangement would amount 


to. The rate of 50 cents per train mile is to cover those items of 
cost directly affected by the change. 


., No. of 1,350 tons present conditions 
trains per x 1- | 
= | day—7 q 1,600 tons proposed 
Div. of 
thy | 225 


Miles - 


: : 185 Under the circumstances it will be seen that the value of 1 
per cent reduction in train mileage amounts to $1.95 per mile per 
train per annum. ‘The total amount capitalized at 5 per cent equals 
$919,800. In some such manner the steam railroad manager arranges 
the proposition of the electric scheme and decides accordingly. _ 7 


SOME EXAMPLES 


186 In a paper before the American Society of Civil Engine rs 
by W. J. Wilgus, some interesting data concerning New York Central 
operation were given: 


Cost of coal per 2,000 lb. anthracite steam locomotive, terminal service. 
“« “ bituminous coal, road service 
Water per 1,000 gal. :— 
Road service 


187 Thecost of current, when power station designed load is attained, 
is 2.6 cents per kilowatt hour delivered at contact shoes. This includes 
all operating and maintenance costs, interest on the electrical invest- 
ment required to produce and deliver current, depreciation, taxes, 
insurance and transmission losses. The following table summurizes 


the data: 
=) as 7 
Operating Fixed Charges Tota! 
Items 


Costs 
Power station 0.58 cts. ae 0.44 cts. 1.02 cts. 
Transmission losses... 0.19 cts —6©60.15 ets. 0.34 cts. 
Distribution systems ‘ 


Sub-stations 0.32 cts. 0.92 cts. 1.24 cts. 


Totals 1.09 cts. 1.51 cts. 2.60 vets. 


POMEROY 


188 In a discussion by G. R. Henderson' are given road ser- 
vice costs per 1,000 car ton miles: 


Steam Electric 

Interest, depreciation, and repairs to 

locomotive ......... 0.46 0 34 

$2.77 $2.02 


189 The item electric supplies is composed of operating expenses 
and fixed charges and may be analyzed thus: 


53.3 kw-hr. at $0.0109, $0.58 operation 


52.3 kw-hr. “ 0.0151, 0.79 fixed charges de 


52.3kw-hr. “ 0.026, 1.37 of 
0.79 
[ Fixed charges = ( , *) = 57 per cent of operating expenses j 4 


The brackets are ours. The difference in cost between steam and 
electric traction in road service is $2.77 — $2.02 = $0.75 per 1,000 car 
ton miles. 

19) The fixed charges on the power plant and the transmission sys- 
tem are $0.79 per 1,000 car ton miles, or about the same as the saving, 
so that if the train movement were but one-half the assumed amount 
‘averaging 6,009 h.p. at the rails, or 6,000 kw. at the station) the 
cost for electric service would be slightly higher than for steam, or 
$2.81 as against $2.77 per 1,000 car ton miles. 

191 The Manhattan Elevated, with about 38 miles of road, was 
electrified at an expense of $17,000,000. The operating ratio, under 
electric conditions, has been reduced from 61 to 46 per cent of 
gross receipts. The net result after taking care of the increased 
capital, ete., shows 15 per cent profit, but it is a significant fact that 
the increase in business was 46 per cent (carrying about 250,000,000 
peopic per annum, 690,000 per day average, or 28,800 per hour). 

192 There has just been reported the four years’ electric operating 
results of the Mersey tunnel road connecting Liverpool and Birken- 
head. The net profit, allowing interest, etc., on the increased capital 
due t electrification, amounted to 15 per cent, but it took an increase 
in tra‘lic of 55 per cent to make this operating result possible. Ton 
miles increased from 43 to 67 million, or 55 per cent. Total expenses, 
whic!: include operating expenses and interest on electric capital 
(but nut depreciation) equal $0.586 per ton mile. Interest equals 
$0.106 per ton mile, or 22 per cent of operating expenses. 

1%5 President Harahan of the Illinois Central reports the results 


'Trovs, AS.C.E., vol. 61, p. 
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of the investigation that has been made relative to the proposed 
electrification in the following words: 

194 “Our suburban traffic is the only service which would in any 
degree be adapted to electric operation, but even in this particular 
service it can be readily shown to be unjustifiable at the present time. 
I submit below a statement of the results which are estimated to 
accrue if the entire suburban service were electrified, compared with 
the present steam operation: 


“Results of Operation of Suburban Business at Chicago for Fiscal Year 
ending June 30, 1909: 
Gross earnings $1,056,446 
Operating expenses (82.9%) plus taxes 946,734 


Net revenue $109,712 
“Estimated Results Under Electrification: 
Gross earnings $1,056,446 
Operating expenses (66%) 


Net revenue (electric operation) 
Net revenue (steam operation) 


$175,053 
$8,000,000 


Interest and depreciation 10% 
Saving in operation under electrification 175,053 


Deficit $624,947 


195 “Our suburban traffic is not sufficiently dense to warrant the 
expense necessary to electrify these lines, and it is evident from the 
foregoing figures that even under electrification there would not be an 
increase in traffic sufficiently large to offset the annual loss from 
operation. It simply proves that under present conditions of cost of 
electrification of steam railways, where it means a replacement of 
a plant already installed, and serving the purpose, it is not justifiable 
to electrify either in whole or in part your Chicago terminals at this 
time.” 

196 The suburban district of the Illinois Central covers about 
50 miles of road and carries in round numbers 15,000,000 suburban 
possengers per annum, or an average of 41,150 per day, or 1,700 per 
haur. An increase of 100 per cent in earnings would not enable the 
road to break even. 


$771,681 
Estimated cost of electrification 
4 
| | 
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197 The Railway Age Gazette, in commenting editorially on Mr. 
Harahan’s statement, says: 

198 “It may be accepted as conclusively demonstrated that the 
New York Central and the New Haven roads are moving trains by 
electricity more economically than they moved them by steam in 
their suburban district. To enable this to be brought about, however, 
extremely heavy capital costs had to be assumed and the charges on 
these capital costs make the entire operating cost, including overhead 
charge, far higher than it used to be in the days of steam operation. 

199 “For example, a standard express train of eight cars on the 
New Haven road pulls out of Grand Central station headed by two 
half-unit electric locomotives, each of which cost very nearly $40,000. 
The capital cost of the motive power of this train is in excess of $75,000 
[the interest and depreciation amounting to $20 per day|—the brackets 
areours. The cost of motive power at the head of a similar New York 
Central passenger train operated by electricity is about one-half this 
sum. Moreover, it will be recalled that Mr. Wilgus estimated that 
the direct costs of electrical equipment represented only one-fourth 
of the total charges attendant upon electricity. The cost of making 
everything ready and safe for this kind of operation is far greater 
than the highest estimates are apt to contemplate.” 

200 From a report of the Electrical Commission of the State of 
Massachusetts the following extracts are taken (letter of C. S. Mellen, 
president of the New Haven road): 

201 “We believe we are warranted in saying that our electric 
installation is a success from the standpoint of handling the business 
in question efficiently and with reasonable satisfaction, and we believe 
we have ariived at the point where we can truthfully say that the 
interruptions to our service are no greater, nor more frequent than 

was the case when steam was in use. But we are not prepared to 
state that there is any economy in the substitution of electrical trac- 
tion for steam; on the contrary, we believe the expeuse is very much 
greatcr.’’ 

20. The Boston & Albany Railroad Company reports the result of 
their -\udy and estimates the requirements as follows: A power sta- 
tion .* 6000 kw. will be necessary, with storage batteries to handle 
the peak load. The total cost of the installation is estimated at 
$4,000,900, and the interest, taxes, and depreciation at 9 per cent, or 
about *400,000 per annum. A stock argument for electric operation 
is the saving to be made in operating expenses, but concerning 
this ‘ollowing statement is made: 

20. “Some slight economies would accrue in the transportation 
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expenses under this operation, which would besubstantially absorbed 
by the additional expenses to be incurred for the maintenence of the 
additional apparatus installed, and the net economies would be so 
small as to be inappreciable in the consideration.”’ 

204 Another stock argument of the advocates of electric locomo- 
tives is the growth of traffic which is supposed to result from electric 
operation. This argument is met as follows in the report: 

205 ‘‘Considering now the possibilities of increasing the traffic, 
the statistics of the B. & A. R. R. showsubstantially the following num- 
bers of passengers handled in the above territory per annum: 


4,552,918 1899 3,897,364 
4,799,578 1907 4,435,841 


206 ‘The absence of any material increase in traffic is probably 
due to the fact that the circuit is occupied as a high class residential 
district not susceptible of rapid subdivision of property, and more 
particularly to the fact that suburban lines are being rapidly extended 
into all such outlying districts and afford a more advantageous means 
of collecting and distributing local travel through the commercial and 
residential districts than could possibly be afforded by a railroad 
constructed and operated upon private right of way and devoted 
largely to long haul operations.”’ 


EXAMPLE TO ILLUSTRATE A CONCRETE CASE — 


207 The foliowing illustration representing a concrete case is 
selected because of its elementary character, more especially as the 
case is so simple that all the variables affecting the comparison are 
eliminated and the amount of coal to perform the operation is directly 
known: 


Conditions: trailing load 1,600 tons; average grade, 1.3 per cent; distance, 
8 miles; speed, 15 miles per hr. for electric and 14 miles per hr. for steam |oco- 


motive. 
(a) Electric 


7 = 190 locomotives (2) tons 1.3% grade X 20 26 |b. 
R= 4 5° curves 3 Ib. 
‘1,790 gross tons | Level 6 Ib. 


a gross tons X R X distance 


= kw-hr. at the rail 7 


| 


= 1,000 kw-hr. (at rail) | 


or 


‘ 
: 7 
5 
ay 
* 


Equivalent kilowatt load at power house = 


tons X RX m.p.h. 
500 X efficiency % 
Where the efficiency between the rail and generators equals 65%, substitut-_ 
ing as before: Py 
1,790 X 35 X 15 


= 2,900 kw. 
500 X 65% a 


For this particular case current can be purchased from an adjacent power 
house at the very low rate of one cent per kw-hr. at the rail. 
At this rate the power cost per trip will be 1,000 kw. at one cent =$10 
(b) Under steam conditions we have the same as before, 1,600 net tons + 
weight of two locomotives, 300, or 1,900 gross tons. 
The coal consumption for this particular run is 6,000 lb. 


The price per ton to equal the electric cost for power, is: 4 coe 
6,000 lb. X price per ton 
ae 


2.000 
Transposing: 
2,000 X 10 _ 
6,000 


But as coal for this particular case costs the road $1.70 per ton, the relative 
cost, coal against power, is ; 

2,000 


There is a difference in ton mile hours, in favor of the electric eee 


due to speed and reduced gross tonnage, as follows: _ 
1,790 X 8 X 8 : 
a Electric 7,640 gross ton mile hours + 
15 
1,900 xX 8X8 
b Steam = 8,690 gross ton mile hours 


To make the comparison correct the coal consumption of the steam loco- 
motive should be proportioned on the ton mile hours produced, and the cost 
of cor! then becomes: 
$5.10 x 8,690 


= ——— = $5.80 
7,640 


\\\ ng tothe foregoing the other pcmaueemalece relative expense becomes 
ubrication, supplies, repairs, crew at $0.1158 per 1,000 ton 

miles, or ae | 


«0.1158 1,790 X 8 
1,000 


Interest and depreciation, taxes, insurance, etc., at 10%. . 


943 
= 
i 
ee $13.12 
= 
= = = 
A 


(b) Steam. Coal as above 
Lubrication, supplies, water, repairs, enginemen at $0.25 per 
Pa) 1,000 ton miles, 
7 $0.25 X 1,900 X Smiles _ 
1,000 

Interest and depreciation at 10% (2 locomotives) 

$34,000 X 10% X 8 _ 

> 365 X 24 X 14 


Cost per trip in favor of steam, $3.30, or 25% less 


208 The idea is all too prevalent with the public, and even with 
some of the bodies that have been given legal power of supervision 
over railway companies, that any expenditure which can be forced 
upon the railway companies is just so much gain for the public. 
Never was there a more absolute fallacy. In the long run, the cost 
of every bit of railway improvement must be paid for by those who 
buy tickets and ship freight. Economy in the administration of 
our railways is just as important in the interest of the general public 
as if the railways were actually under government ownership. 
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THE ELECTRIFICATION OF RAILWAYS 


AN IMPERATIVE NEED FOR THE SELECTION OF A SYSTEM 
FOR UNIVERSAL USE 


By Grorce WeEstTINGHOUSE, Pittssura, Pa. = 


President of the Society - 2 


As an illustration of the wonders of the laws of nature, few inventions 
or discovertes with which we are familiar can excel the static transformer 
of the electrical energy of alternating currents of high voltage into the 
equivalent energy at a lower voltage. 

To have discovered how to make an inert mass of metal capable oj 
transforming alternating currents of 100,000 volts into currents of any 
required lower voltage with a loss of only a trifle of the energy so trans- 
formed, would have been to achieve enduring fame. The facts divide 
this honor among a few, the beneficiaries will be tens of millions. 


209 In less than twenty-five years a new industrial and economic 
situation has been created by the development of apparatus to gen- 
erate, distribute and utilize electricity. Not less than two thousand 
million dollars have been invested in plants to manufacture apparatus, 
in power houses to generate electricity, in lines of copper wire to 
transmit this mysterious energy, in construction of railways and their 
equipment, and in the manufacture of products unknown before the 
advent of electricity. 

210 Large sums have already been spent in the electrification of 
portions of standard steam railways in England, continental Europe 
and America, and there is now available a fund of information of 
inestimable value to guide those charged with the selection of an 
electrical system for railway operations. 

2\| The president of our brother Institution of Mechanical Engi- 
neers, Mr. Aspinall, in his presidential address delivered April 23, 
1909, placed the railway world under deep obligation for most valu- 
able information upon the electrical equipment and operation of 
trains of the Laneashire & Yorkshire Railway, of which he is the 


_ Presented at the meeting of Tue American Society oF MECHANICAL 
“NGI with Tae Instirutron oF Mecuanicat ENGINEBRS, London, 
England, July 1910. 
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worthy and skilful general manager. His observations on the effect - 
of low center of gravity and heavy inflexible motor trucks upon the 
permanent way are especially valuable in that they direct attention 
to costs which at first were not considered with sufficient care. 

212 Believing unreservedly that the increased capacity of a railway 
and its stations, the economies of operation, and other advantages 
will bring about gradually the systematic electrification of steam 
railways, my wish is that the progress of the art may not be hampered 
and such electrification of our main lines delayed or rendered unprofit- 
able by mistakes which experience, Judgment and foresight may 
enable us to avoid. 

213 It is my intention in this paper to direct attention to the 
necessity for the very early selection of a comprehensive electrical] 
system embracing fundamental standards of construction which must 
be accepted by all railway companies in order to insure a continuance 
of that interchange of traftie which, through force of circumstances 
has become practically universal, to the great advantage of trans- 
portation companies and of the public. 

214 Having been identified with railway operations for over forty 
years, and with the development of the electrical industry for twent y- 
five years, I feel that the time is ripe for such a selection unless we are 
willing to regard with complacency the extension of the existing 
diversified systems and the creation of conditions which will prevent 
the general use of the most practical methods of operation. 

215 Indeed, the tendency seems to be toward diversity rather than 
unity, since different types of third-rail construction have been 
adopted, even for the several continuous-current systems in and alout 
New York City, which renders interchange of cars or locomotives 
difficult or impossible. 

216 Although the facts clearly show the contrary, there exists a 
popular impression that the electrification of railways is a simple 
matter, and that it requires only decisions by boards of directors to 
insure the immediate substitution of the electric for the steam 
locomotive. 

217 The great difficulty in the electrification of standard railwaysis 
no longer the engineering problem of developing a locomotive and an 
ele ctrical system which will operate trains, but it is a broad question 
of financial and general policy of far-reaching scope, considering the 
future electrification of railways in general as distinguished ‘rom 
isolated cases of limited extent, and requiring a combination ©! the 
highest engineering and commercial skill. 


GEORGE WESTINGHOUSE 


GAGE OF TRACK AND INTERCHANGE OF TRAFFIC 

218 Inthe first days of railway operation, there was probably no 
idea of an interchange of traffic involving the use of the engines and 
cars of one railway upon the lines of another railway. It then made 
no difference whether the gage of track was 4 ft. 84 in., the one 
ultimately selected, or one of a greater or lesser width by a few 
inches. The gage selected by Stephenson was a practical one, for- 
tunately, since it has become almost universal, with a strong proba- 
bility that it will one day be absolutely so. 

219 Stephenson’s successful demonstrations prompted experi- 
menters in other countries, who naturally failed to appreciate the 
inconvenience and losses which were to follow the adoption of 
different gages. The general tendency to extend along the line of 
least resistance, made it inevitable that a railway once started upon 
a certain gage would make no change, and thus there were developed 
systems of railways with different gages of track. In the early days 
too, there were those who believed it to their advantage to establish 
a gage of track that would absolutely prevent the cars and engines of 
a connecting line from coming upon their line. 

220 In some cases in the United States the difference in gage was, 
fortunately as it afterwards proved, only 14 in., a difference success- 
fully met, for the purpose of interchange of traffic, by the adoption of 
broad-tread wheels and minor changes in the track construction. In 
other cases, the gages adopted were 5 ft., 5 ft. 6 in., and 6 ft., and in 
some of these cases the necessity for through passenger traffic led to 
the changing of car trucks, at certain important places, so that pas- 
sengers could be transported through to their destination without 
changing ears. 

221 In 1878 there were in the United States eleven different gages 
of railroad tracks in addition to the standard gage of 4 ft. 84 in. 

222 The absolute necessity for uniformity of gage of tracks both 
in tie United States and Canada became so apparent that in due 
course all of the roads which had gages wider than 4 ft. 84 in. changed 
to the present standard. Among the remarkable achievements of 
engin-ering was the change of the tracks of an entire system of 
rails y of some hundreds of miles within twenty-four hours, this 
char;e having, however, required months of preparation. The 
loss’ entailed in the change of gage and of equipment have ever 
since \een serious burdens to most of those railways, in that the costs 
Were “1 most cases covered by capital charges. 


9» 


It may be conceded that, so far as steam railway operation 
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is concerned, there are now no obstacles to the interchange of traflic 
in the broadest sense, except in the size of vehicles in certain countrie~ 
where the cost of changing tunnels and bridges would be prohibitive 


REQUIREMENTS FOR INTERCHANGE OF TRAFFIC 


] 224 With these preliminary remarks I feel certain you will agre: 
that to insure interchange of traffic, the fundamental requirements. 
so far as operation by steam is concerned, with full regard for safety, 
speed and comfort, are very few in number and are covered by the 


following: 
a A standard gage of track. 
b A standard or interchangeable type of coupling for vehicles 
ec A uniform interchangeable type of brake apparatus. 
d Interchangeable heating apparatus. 
e A uniform system of train signals. 

The additional fundamental requirements for electrically operated 

railways are: 

f A supply of electricity of uniform quality as to voltage and 
periodicity. 

g Conductors to convey this electricity so uniformly located 
with reference to the rails that, without change of any 
kind, an electrically fitted locomotive or car of any 
company can collect its supply of current when upon the 

a lines of other companies. 

Uniform apparatus for control of electric supply whereby 

two or more electrically fitted locomotives or cars from 

different lines can be operated together from one Joco- 


motive or car. 
- 225 Outside of economy in capital expenditure, and economy and 
convenience in operation by steam or electricity, it matters not 
whether each locomotive and car and the apparatus upon them 
differ from every other locomotive and car in size or details of con- 
struction, so long as the constructions are operative and the materials 
employed are used within safe limits. : 


DEVELOPMENT OF ALTERNATING-CURRENT APPARATUS 


226 Having acquired a considerable experience in the introduction 
upon railways of the compressed air-brakes and in the development 
of automatic electro-pneumatic signals, I was led in 1885, because 
of its general analogy to operations with which I was famili::, to 
interest myself in the American patents of Gaulard and Gibls (a 
Frenchman and an Englishman), covering a system of elec‘ rica! 
distribution by means of alternating currents, with static trans. 
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formers to reduce these currents from the high voltage necessary 
for economical transmission of electrical energy to the lower voltages © 
required for the operation of incandescent lamps and other purposes. 

227 No inventions ever met with greater opposition in their 
commercial development than those relating to the generation, | 
distribution and utilization of alternating currents, and it is a matter 
of record that the opponents of those interested in developing the > 
alternating system even sought, through public meetings and the 
appointment of commissions, and by various extraordinary means, © 
to influence and prejudice public opinion. 

228 Realizing the limitations of the continuous or direct-current 
system, | became thoroughly convinced that the extended distribu- | 
tion of electricity for industrial purposes could be secured only by _ 
the generation of alternating currents of high voltage and their 
conversion by static transformers into currents of various voltages. 
Notwithstanding, therefore, the frank disbelief in its practical value — 
by eminent scientific authorities, among them the late Lord Kelvin, 
I entered actively into the development of the alternating-current _ 
system of generation and distribution of electricity which is now 
almost universally accepted as the ideal. 

229 By 1888 Nikola Tesla had demonstrated the practicability of 
his induction motors, Oliver B. Shallenberger had perfected his 
meter for measuring alternating currents, and it had been proved 
that « direct-current motor with laminated armature and fields could: 
be operated either by alternating or by direct currents. I then became 
thoroughly imbued with the belief that further invention and dis- 
covery would in time make alternating-current apparatus practically 
universal for almost every purpose. 

250 In 1892 two single-phase motors of about 10 h.p. were built 
by the Westinghouse company to determine the possibilities of 
using alternating current for traction work. These motors were 
designed for 2000 alternations per minute and about 200 volts. 
They were of the series type, with commutators, and had a relatively 
large number of poles. These were placed upon a car and tested on 
a short piece of track with very short curves and rather steep grades. 
There was a transformer on the car on which there were several taps 
and the voltage was varied by means of single-pole switches. It 
Was considered at that time that the system would be ideal for 
locomotive work, but as there were no such projects in view, no large 
motors of this type were built. This development is referred to 
more at length in Appendix No. 5. 
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- 231 All so-called continuous- or direct-current generators really 
generate alternating currents and transform them by a commutator 
into continuous current, and such a machine will, by the applic: 
tion of collector rings upon its armature, deliver both alternating 
and continuous currents. The use of the commutator, however, so 
limits the voltage that large quantities of power cannot be gener- 
ated for economical transmission by direct current. A machine <o 
constructed can also receive alternating currents through the collector 
rings and transform them into direct current. As thus used the 
apparatus is called a rotary converter. When the supply of alternat- 
ing current is at very high voltage, there has to be interposed between 
this supply and the rotary converter a static transformer to reduce the 
high primary voltage to the permissible lower voltage. 


ELECTRICAL SYSTEMS FOR RAILWAYS 


- 232 As soon as these qualities of the alternating current had been 
demonstrated, active minds were directed toward the development 
of apparatus to meet conditions constantly presenting themselves, 
among the most important problems being the electrification of 
railways. In the twenty years that have elapsed, three important 
electrical systems for the operation of railways have been put into 
practical operation, all using alternating current in whole, or in part. 


These systems are: 
a The continuous- or direct-current system, usually spoken of 
a as the ‘“‘third-rail”” system, which employs alternating 
— current for transmitting power when the distance is 
considerable. 
6 The three-phase alternating-current system with two over- 

head trolley wires. 

-_e The single-phase, alternating-current, high-tension system 
with a single overhead trolley wire. 

233 In a notable case of the latter system, namely, that of the 
New York, New Haven & Hartford Railroad, the motors and con- 
trolling apparatus are arranged to utilize single-phase current from 
an overhead trolley wire at 11,000 volts, and also to be operated by | 
current from the 650-volt third-rail system of the New York Central 
& Hudson River Railroad, thus making a demonstration of the 
wonderful flexibility of alternating-current apparatus. 

234 The problem before the officials of the New Haven roa: was 
‘not merely the electrification of a division of a few miles of its ‘rack, 
rendered compulsory by legal requirements, but the selection o! « sys 


| 


tse 


‘STIVY AML ONLLOANNOD SGNOM WAdd OO 4 H 


44898 SAIVO AUVNALVD Aa 18 AMTIOUL SMOHS MAGIA 


avoulivy MAN MAN GHL AO NOLLVOMAR ASVH 


81 “Ply 


tee 
® 
\ SS > / 
— 
| 
+ 


THE ELECTRIFICATION OF RAILWAYS 


tem which would meet the needs of a great railway covering severs| 
states and having other congested centers of traffic which it might soo: 
be desirable to electrify. In view of the fact that there had been 
no considerable demonstration of the single-phase system by actual 
use, and that the New Haven trains would be obliged to operate 
upon twelve miles of lines already equipped with the direct-current 
third-rail system, it must be conceded that the directors and man- 
agement of the New York, New Haven & Hartford Railroad showed 
great courage and confidence in the judgment of their experts. 
and rendered to all other railroads a service of the highest character, 
when they selected the single-phase system for the electrification of 
the line mentioned. 

235 As the single-phase method of operation is comparatively 
recent and is not so well known as the other systems, extended par- 
ticulars are given in the appendices upon the extent of operation by 
this system, and upon the results attained in its use by the New York, 
New Haven & Hartford Railroad. The important experiences gained 
on that railroad furnish very important data to aid in the selection 
of a uniform system of electrical railway operation. 

236 The paper’ by Mr. George Gibbs, chief engineer of electric 
traction of the Pennsylvania Railroad, with reference to the elec- 
trifications by that company, submitted in June of this year to the 
International Railway Congress at Berne, Switzerland, gives most 
valuable particulars in regard to the practical electrical operation of a 
standard railway. 

237 When the officials of the New York Central Railroad and those 
of the New York, New Haven & Hartford Railroad, who now have 
had an unusual experience, also present their available facts as to 
cost of installation, of maintenance and of operation, the railway 
world will have very complete information. 

238 ‘The results of the working of thethree-phase system in | taly 
and Switzerland have been very prominently before the world for 
several years, and its successful use there has been a material factor 
in the development of confidence in electricity for the operation of 
railway trains. At the present time, the Italian Government is 
installing upon the Giovi line, which is a heavy-grade branch leading 
out of Genoa, a service for, which twenty locomotives, rated st 
2000 h.p., are now being constructed in Italy. The operation of this 


1 The report is entitled Electric Traction: Electric Traction on Large Rail- 
roads; Continuous Current; Alternating Current (Monophase or Polyphase); 
Comparative Net Cost. It appears in the Bulletin of the _ ean Mae Railway 

_ Congress sasometion, under Question 8, Report No, 2, by George Gibbs, 
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much more extensive plant will afford additional valuable informa- 
tion as to the cost of installation and operation, and the advantages 
of the three-phase system. 

239 Theequipment of the power houses which generate the current 
is essentially similar in the three systems which I have enumerated; 
but the systems differ in the kind of motors and the auxiliary 
apparatus for controlling them, and in the methods and apparatus for 
transmitting the current from the power house to the locomotive 
or ear. 

RAILWAY MOTORS 

240 Essential requisites in a railway motor are that it shall start 
its load and quickly accelerate it to the required speed, and that it 
shall operate continuously at any desired speed, or speeds.  Rail- 
way conditions make it desirable that speeds should vary from the 
lowest to the highest schedule speeds required for regular operation, 
both for the movement of freight and passengers, and for making up 
time. 

241 The steam locomotive, which is limited in power by its boiler 
capacity, is capable of continuous operation at any speed up to the 
maximum, but the maximum speed in a given case depends }oth 
upon the length of the train and the grade of the track. It auto- 
matically slows down when ascending a grade, so that the actual 
horsepower developed does not vary greatly at different speeds. 
The limitation of the capacity of the electric locomotive is not the 
power available, as is the case with the steam locomotive, but in the 
capacity of the motors, and is usually fixed by the heating of their 
coils. An electric locomotive may safely develop for a short time 
an output which far exceeds its normal continuous capacity. ‘The 
power and speed characteristics of electric locomotives therefore 
differ from those of steam locomotives. 

242 The three types of electric motors have certain fundamental 
differences in speed performance which are important factors in 
determining the advantages, disadvantages and limitations o! the 
several systems. 


THE DIRECT-CURRENT MOTOR 


243 The characteristics of the direct-current series railway 
are well known. It automatically adjusts its speed in accor: ance 
with the load, running more slowly if the weight of the train be greater, 
or the grade steeper. The speed with a given load, however, is de! nite: 
it is dependent uron the voltage applied to the motor and ¢.unot 
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readily be varied. It is true that the speed can be decreased by 
inserting a resistance in the motor circuit, but this is wasteful and is 
inadmissible except as a temporary expedient. It is true also thut 
the motors may be connected in series, thus dividing the pressure 
between two motors, and thereby reducing the speed one-half; or 
if among four motors, to one-quarter speed. As the system of current 
supply involves a fixed voltage, it is obvious that for emergencies 
no speeds much above the maximum speed determined in the con- 
struction of the motor can be obtained. Furthermore, on account 
of the high cost involved in maintaining a practically constant 
voltage throughout the system, the voltage supplied to the motors 
often decreases considerably at the end of long lines, at the time of 
heavy load, thereby further reducing the speed attainable. It often 
happens in railway service that a locomotive should be operated some- 
what above the normal speed, and sometimes a locomotive designed 
for freight service has to be pressed into passenger service. In such 
cases the speed with the direct-current locomotive would be con- 
siderably less than that necessary to maintain the schedule speed. 
A special form of field control can be used, in certain cases, for 
varying the speed, although this has so far been utilized to a very 
limited extent. 


THE THREE-PHASE MOTOR 
- 244 On the three-phase system, the motor is inherently a constant- 
speed motor; it runs at approximately the same speed at light load 
and at full load; it runs at nearly the same speed up a grade as on 
level track, although the horsepower required on the grade may be 
_2veral times that on the level. Conversely, it can run no faster on a 
level than it can climb a grade. In order to give a lower speed, 
however, the motors may be arranged upon the locomotive in pairs 
in a manner equivalent to the arrangement of two continuous-current 
motors in series, just described. Motors may also be arranged for 
two or more speeds, but this involves some complication in windings 
and connections. In all cases lower speeds can be secured by the 
introduction of resistances which increase the losses and lower the 
efficiency. In no case can the speed in any of the arrangements of 
motors be appreciably higher at very light load than it is at full load. 
245 ‘The motors are of the induction type without commutators 
and their inherent limitations, and are of relative simplicity in con- 
struction. The current is usually supplied at 3000 volts from two 
overhead lines through two sets of current collectors. 
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246 With three-phase motors as now constructed and arranged 
upon locomotives, it is possible with no additional complication 
so to utilize the motors when locomotives are moving trains upon a 
descending grade, that they become generators and return current to 
the line, a feature of value in certain mountainous districts but not of 
controlling importance in the selection of a universal system. uo 


THE SINGLE-PHASE MOTOR 


247 The single-phase railway motor is a series motor with speed 
characteristics very similar to those of the direct-current motor, 
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as the speed at a given voltage is greater or less, depending upon the 
load. The speed with a given load is also greater or less, depending 
upon the pressure applied to the motor; and this is not limited, as 
with direet-current motors, to that supplied by the circuit, and 
to one-half and one-fourth of that pressure, but is capable of adjust- 
ment to any desired degree of refinement by means of auxiliary con- 
hec!.ons from the secondary winding of the transformer on the loco- 
mot... which is necessary for reducing the line voltage of 11,000 volts 
to the lower voltage required by the motors. Not only may numerous 
Volisccs less than the normal be arranged for lower speeds, but higher 
Voltages can be provided to make possible speeds considerably above 
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the normal. In this simple manner a wide range of efficient speec 
adjustment is secured which is impossible with other systems. 


248 Like the throttle lever of the steam locomotive, the contro! 
lever of the single-phase locomotive may be placed in any one of its 
numerous notches to maintain the required speed. ‘This facility of 
efficient operation over a wide range of speed and power requirements 
is one of the especially valuable features of the single-phase system. 
This difference, however, may be noted: the ability of the steam loco- 
motive to maintain its speed continuously with heavy loads depends 
upon the capacity of the boiler; on the other hand, the electric loco- 
motive has an ample supply of energy available, drawn from a large 
power house, and the limit of its endurance is determined by the safe 
temperature of the motor. 


249 The question of determination of the frequency for use on 
single-phase railways is one of very great importance. ‘Twenty-five 
cycles is in general use for power transmission purposes and has been 
adopted by nearly all the single-phase railroads now operating. ‘The 
Midi Railway of France has adopted 15 cycles. The lower frequency 
permits of a marked reduction in the size of a motor for a given out- 
put, or conversely of a considerable increase in output from a motor 
of given dimensions and weight. Three-phase installations in nearly 
all cases employ approximately 15 cycles. The choice of fre- 
quency is one of the most involved, difficult and important problems 
now presented for solution. = 


SUMMARY 


250 Locomotives equipped with each of the three types of motor- 
have been in successful operation and have demonstrated their uses 
fulness, capacity and reliability in practical railway service. The 
three-phase motor, having a definite constant-speed characteristic, is 
particularly adapted to certain conditions; but on the other hand it 
has a less general adaptability to the ordinary varying conditions of 
railway operation. ‘The single-phase motor has a facility of voltage 
control which gives an efficient means of speed adjustment, and is in 
this particular superior to other systems. The relative weights and 
costs of the several types of motors, and of the locomotives designed 
to accommodate them, depend upon so many conditions that con 

parisons must necessarily be general. It will be found, however, th 

these differences in locomotive cost are in many cases more tha 

offset by the cost of the other elements in the electrical system. 
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call 251 The control apparatus for all types of locomotives has been 
developed so that it is reliable and convenient in operation. For 
each system a small master controller serves to operate by aux- 
iliary means the necessary electric switches for the control of the 
motors of one locomotive, or to operate simultaneously as a single 
unit the motors on two or more locomotives or cars in a train. 


TRANSMISSION OF POWER FROM PowER House To Locomotive 


252 Thecontrolling factor in the cost of electrification in nearly al! 
eases is the system for transmitting power from the power house to 
the locomotive, and not the locomotive itself. The choice between 
the several systems must, therefore, be based upon a comparison of 

the complete systems. The differences between the methods of trans- 
Bs power are of far greater importance than the differences 
between power houses or between locomotives. The current for «ll 
systems is generated in usual practice as high-tension alternating 
aa for the reason that electric energy can be most economically 


transmitted by high-tension alternating current even though it is in 
some cases converted into direct current. 

253 The transmission systems in use for the three types of loco- 
motives are illustrated in Appendix No. 3. Even a superficial 
glance at these diagrams brings several points into prominence, as 


follows: 
THE DIRECT-CURRENT SYSTEM 


254 For the direct-current locomotive the apparatus which inter- 
venes between the alternating current-generator and the locomotive 
consists of a number of links or elements through which the electric 
energy must pass, one after the other. These consist of: 

- a Raising transformers in groups of three. 
_ b A transmission line of three wires, sub-stations, which 

require attendance, containing 

c Transformers in groups of three, and 
__ d Rotary converters for receiving the alternating current and 
' delivering direct current. 
ot A third-rail contact conductor, which for heavy work must 
~* _ often be supplemented by copper feeders. 
_ f The track return circuit, which must be provided with heavy 
ro bonds, and in certain cases supplemented by feeders ané 

so-called negative boosters. 

255 It is necessary to maintain the alignment of the third rail 
within close limits both in its distance from the track rails and in its 
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elevation above them, as the contact shoe can have only a aed range 
of automatic adjustment. 


THE THREE-PHASE SYSTEM 

256 For the three-phase locomotives the respective links between 
the generator and the locomotives are: 

7 a Raising transformers in groups of three. : 
b Transmission line of three wires. _ 
c Sub-station transformers in groups of three. 
d Two overhead wires as the contact system. 
e A track return which usually requires nothing but inex- 
pensive bonding. 

257 The two overhead trolley wires require a double system of 
overhead construction, as the wires must be kept separate and well 
insulated from one another; the two must be maintained at equal 
height above the track and at switches and cross-overs the construc- 
tion is complicated. 


258 For single-phase locomotives there is: 

a A raising transformer. 

b A transmission line of two wires and sub-stations widely 
spaced, each containing 

c A lowering transformer, which supplies _ 

d A single trolley wire. 

A track return, usually requiring nothing but inexpensive 

bonding. 

259 In certain cases where the distance from the power station is 
not more than 15 or 20 miles, the single-phase trolley can be supplied 
directly from the power house, so that only one single element, 1.¢., 
the trolley wire, intervenes between the generators and the loco- 
motives. 


260 The single trolley wire permits a relatively wide range in 
height, as the pantograph trolley automatically adjusts itself to the 
position of the trolley wire. In some cases the wire has a normal 
height of 22 ft., but is carried under bridges where the limit is 154 ft. 


261 The three types of railway motors, and the three respective 
systems for conveying power from the generating station to the loco- 
motives, have all successfully demonstrated their ability to operate 
railway trains. It is not my purpose to urge the adoption of « par- 
ticular system, but rather to point out some of the well-known «hal 
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acteristics of these systems which have a bearing upon their limita- 
tions and their general adaptability to railway conditions, and to urge 
the great gain which will result from a single universal system. 

262 As the electrical manufacturing companies with which my 
hime is associated manufacture and install all kinds of direet and 
aliernating-eurrent apparatus, 1 may be pardoned for saying that 
I have not permitted my judgment to be influenced by any personal 
material interests, and that I have treated this subject so as to give 
others the benefit of a long experience, acquired under circumstances 
most favorable to ascertaining the facts. 

REQUISITES FOR A UNIVERSAL ELECTRIC SYSTEM 
205 In selecting a proper electrical system for railway operation, 
it « \! probably be generally conceded that the following elements 
are prime importance: 
a The electric locomotives should be capable of performing 
the same kinds of service which the steam locomotives 
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now perform. This will be most readily secured by electric 
locomotives which can practically duplicate the stear, 
locomotives in speed and power characteristics. ‘This 
- includes a wide range of performance, embracing throug! 
passenger service at different schedule speeds; local pas- 
senger service; through freight service in heavy trains: 
the handling of local freight by short trains; and a 
variety of switching, terminal and transfer movements. 
This naturally calls for wide variation in tractive effort 
and in speed, both for the operation of different kinds of 
trains, and also for the operation of the same train under 
the varying conditions usually incident to railway service. 


b The electric locomotive should be capable of exceeding the 
steam locomotive in its power capacity. It should be able 
to handle heavier trains and loads, to operate at higher 
speeds, and in general to exceed the ordinary limits of the 
steam locomotive in these regards. The readiness wit): 
which several electric locomotives can be operated as 1 
single unit enables any amount of power to be applied to 
a train. 

ec The electric system should adapt itself to requirements 
beyond the ordinary limitations of the steam locomotive 
in small as well as large things. It should be adapted for 
use on branch lines, and for light passenger and freight 
service similar to that so profitably conducted by inter- 
urban electric roads, which in many cases run parallel to 
steam roads, not only taking away the traffic of the steam 
roads, but building up a new and highly profitable traffic, 
both in passenger and in express service. 


_d A universal electrical system requires that power should be 
transmitted economically over long distances and supplied 
to the contact conductor. The system should utilize the 
most highly perfected apparatus for the electric trans- 
mission of energy and its transformation into suitable 
pressures for use. 

_e The contact conductor in an ideal system should be econom- 
ical to construct, both for the heaviest locomotives where 
the traffic is dense, and for light service on branch |ines. 
It should impose minimum inconvenience to track !main- 
tenance; should give minimum probability of disaringe- 


g 
—— 
al i 
= 
6 
| : 
| 
| 


GEORGE WESTINGHOUSE ; 965 

» ore ment in case of derailment, or in case of snow and sleet, 

—— - and should in general be so placed and constructed as to 
p=! give a maximum assurance of continuity of service. 

264 The use now made of electricity in steam railway service has 
been brought about, generally speaking, through compulsion. The 
steam locomotive has reached its limitations and has been found 
unsuitable and inadequate in tunnels or in terminal service. Even 
where other considerations may have been controlling, the problem 
has usually been a specifie one of electrifying a relatively small area. 
The problem has been solved by considering those factors which were 
of immediate importance, without giving weight to uniformity with 
other svstems or of extension. 

265 Now the natural course of development will be the extension 
of these limited zones, until after a time they meet. Then there will 
arise great inconvenience and expense if the systems are unlike. For 
the present it may be a matter of little moment whether different 
systems have their contact conductors in the same position, or 
whether the character of the current used is the same or different. 
As previously stated, in the early days of railroading, it was of little 

consequence whether the tracks of the different systems in various 
parts of the country were alike or unlike, but later it did make a vital 
‘difference, and the variation resulted in financial burdens which even 


yet lie heavily on some railways. It is this large view into the future 
of electrical service which should be taken by those responsible for 
electric railway development. 


THE FUTURE OF ELECTRIFICATION OF RAILWAYS 


266 The complete electrification of a railway will necessitate 
rearrangement of ideas and practices in regard to operations. Coaling 
and watering places will not be needed; passenger trains will be 
differently composed, some classes being of less weight; and they will 
operate more frequently, thus promoting travel; other trains will be 
heavier than at present, or will operate at higher speeds; and branch 
lines, by the use of electrically fitted cars, can be given a through 
service not now enjoyed. 

207 The movement of freight will undergo great changes, due to 
the facet that eleetrie locomotives can be constructed with great 
excrss capacity, enabling them to move longer trains at schedule 
spec! on rising gradients. 

“0s The large percentage of shunting operations due entirely to 
the ‘se of steam locomotives will no longer be required. 
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269 The railway companies can combine upon some cooperative 


plan for the generation of electricity, thereby effecting large savings in 
capital expenditures; and can utilize their own rights of way for the 
transmission of the current, not only for the operation of trains but 
for many other useful purposes. 

270 Notwithstanding the fact that great strides have already beer, 
made in cheapening the cost of generating electricity by steam 
engines, I foresee, from the progress made in the development of gas 
and oil engine power, a still further reduction in cost which will 
accelerate the work of electrifying existing railways. 

271 One important aspect of this great question will engage the 
thoughtful consideration of every government, namely, the military 
necessity for uniform railway equipment in time of war. 

272 There will be serious difficulties to surmount in the selection 
of a general system. There naturally will be arguments in favor of 
one or another of the systems now in use and the inclination of those 
who have adopted a particular system to advocate its general use. 
There will be enthusiastic inventors, and there will be many advocates 
of the common view, namely, that there is room for several systems 
and that each system will best meet the requirements of a particular 
ease. There will be those who give undue weight to some feature of 
minor importance, such as a particular type of motor or of locomotive, 
instead of giving a broad consideration to the whole system, and 
recognizing that, in the general problem of railway electrification, 
facility and economy in transmitting power from the power house to 
the locomotive are of controlling importance. 

273 Werethere now only one system to be considered, there would 
be a concentration of the energy of thousands on the perfecting and 
simplifying of the apparatus for that system, to the advantage of 
railway companies and of manufacturers. 

274 In conclusion, I can only repeat, and earnestly recommend to 
the serious consideration of railway engineers and those in authority, 
the pressing need of determining the system which admits of the 
largest extension of railway electrification and of a prompt selection 
of those standards of electrification which will render possible a com- 
plete interchange of traffic in order to save expense in the future and 
to avoid difficulties and delays certain to arise unless some common 
understanding is arrived at very shortly. at ae 
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275 The most important installation of single-phase apparatus is that of the 
New York, New Haven & Hartford Railroad, leading out of New York City. Prac- 
tically all the railroad service between New York and Boston, as wellas the New 
England States, is over the four tracks of this railroad. The trains pass into the 
Grand Central Station in New York City over the lines of the New York Central & 
Hudson River Railroad, which is electrically equipped with the third-rail system 
for operation by direct current at 650 volts. Selection of the system for the New 
Haven railroad was restricted by the necessity of operating the New Haven trains 
over the New York Central tracks; but the decision was in favor of the single- 
phase system, notwithstanding the limitation that the locomotives must operate 
successively both by single-phase current and direct current. 

276 The trains of the New Haven system leaving the Grand Central Station 
pass over 12 miles of the tracks of the New York Central system, operating from 
the third rail by direct current. They then pass to the New Haven tracks 
at full speed, receiving alternating current at 11,000 volts from the overhead 
trolley wires which extend 21 miles to Stamford, a total distance of 33 miles from 
New York, this being the end of the initial installation of the single-phase system. 


277 The power house is located near the Stamford end of the electrified section 
and contains four 11,000-volt turbo-generators having an aggregate capacity of 
pions 16,000 kw. The current passes directly from the generators to the trolley 

Wires, as illustrated in Fig. 35 and in the last diagram of Fig. 36. 

278 The overhead trolley system consists of a steel contact trolley wire sus- 
pended every 10 ft. from a copper trolley wire, which in turn is suspended at 
intermediate points from two steel catenary cables by triangular-shaped hangers. 
These cables are supported upon insulators resting upon steel bridges spaced at 
distances of 300 ft. along the right of way. The construction is shown in Fig 
18 of the paper. 

279 As in general there are four tracks and in some cases more, the compara- 
tively light steel bridges are made to span the right of way and to carry as many 
sets oi the trolley conductors as there are tracks. Stronger bridges to which the 
Cate ary cables are anchored are located about every two miles. At certain points 
these anchor bridges are utilized for supporting the block signals and also to carry 
oil circuit breakers which permit the trolley wires to be sectionalized for service 
sion or in emergencies. Normally all the trolley wires and the supporting 
cablo. over all the tracks are connected together electrically and also to the source 
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~ 2803, There are 41 locomotives in regular operation, and also four motor cars 
with six trail cars operating on the multiple unit system in suburban service 
The alternating current is taken from the overhead trolley wire by a pantagraph 
which presses a shoe against the wire. The direct current on the New York 
Central zone is obtained from the third rail by means of ordinary sliding contact 
shoes. Both the pantograph and the contact shoes are manipulated by compressed 
air. The locomotive is described in Par. 291. 

281 For reasons of economy in operation the locomotives were built under the 
requirement that each should be capable of hauling a 200-ton train from New 
York to New Haven, making all station stops in accordance with the regular 
schedules, or an express train of 250 tons, and that the locomotives should be so 
arranged that two or more could be operated by a single engineer for the move- 
ment of heavier trains. The particular size selected permits about 75 per cent 
of the trains to be operated by a single unit. 

TABLE 23 RECORD OF SINGLE-PHASE SERVICE 
New York, New Haven & HartrorD RAILROAD FoR 12 MontHs e- 


| 
No. | Miles Run No. of Power No. of Line 
Locomotive | per Locomo- House Delays 


Total 
Miles 


| 

Run Delays | tive Delay Delays 
} 


146,189 16,243 
155,551 6,222 
166,759 11,911 
183,434 14,110 
pee 177,714 12,694 
September..... 189,656 13,547 
October } 174,400 15,854 
173,370 17,337 
167,808 2% 7,296 


1910 
January....... 163,274 2 5,831 
February....... 138,929 ‘ 11,577 
March 156,901 > 13,075 


282 During the past year, the electric service has surpassed in efficiency all 
records previously obtained on this division with steam locomotives. The actual 
figures are given in Table 23, which covers the movement of passenger trains over 
the 12 miles of third-rail operation and 21 miles of single-phase operation, for 
which 41 locomotives, that have been used from 22 to 33 months, were available. 

283 ‘The early fears as to difficulties in commutation have been dispelled by 
the records of performance, as many of the motors have operated over 100,(00 
miles without turning or even sandpapering the commutators, and the brushes 
show an average life of 40,000 to 45,000 miles. 

284 The average number of miles run per locomotive delay during the year 
exceeds 12,000, equivalent to a dozen trips between New York and Chicago, or 
thirty trips between London and Glasgow. 

285 The locomotive delays (many of which only slightly exceeded one minute 
duration) include not only those from electrical causes, but from mechanical 
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defects as well, such as loose tires, burst airhose, hot journal boxes, frozen steam 
hose, ete. A comparatively large number of delays in December and January 
were due to the very severe weather and the unusual amount of snow and ice. 
These locomotives have been making regularly an average of about four and one- 
half trips of 33 miles per day, hauling trains 25 to 50 per cent heavier, or even 
more in the case of express trains, than the locomotives were guaranteed to 
handle. Most of the locomotives have run about 100,000 miles, but there is 
seldom more than one (which is 24 per cent of the whole number) out of service 
for repairs, a record said by the officials of the company to be much better than 
for the steam locomotives which were replaced. These officials also say that the 
cost of maintenance per mile and the number of miles run per electric locomotive 
are far more favorable than with steam locomotives, even with the present very 
short run of 33 miles. 

286 The cost of maintenance of the distribution system is relatively small 
compared with that of the low-voltage third-rail system. The delays due to the 
transmission lines and overhead construction, though few in number, include 
those brought about by extraordinary conditions, such as steam from switch 
engines and by wrong operation of switches. 

287 The heaviest traffic on the New York division of the New Haven road, 
and the occasion on which delays would be most deplored, is on the day 
of the annual intercollegiate football game at New Haven. The service on 
this day for 1908 and 1909 was as follows: 


1908 1909 
Regular trains........... . 126 
Special trains 


Number of train delays 
Total duration of delays 17 min, 


288 In considering the capability of the single-phase system for continuous 
performance, the record of the six single-phase locomotives in service at the St. 
Clair Tunnel of the Grand Trunk Railway is worthy of mention. These loco- 
motives have now been running two years and have made about 70,000 miles 
each, averaging about 100 miles per day, or 25 trips of 4 miles. It has not been 
necessary to use a steam locomotive since the regular electric service was started 
(May 1908) and during the last 12 months the service has been responsible for 
but one train delay, of eight minutes. The locomotive is described in Par 292, 
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APPENDIX No. 2 


DATA ON ELECTRIC LOCOMOTIVES OF AMERICAN DESIGN 


289 The locomotives on which data are given were built for heavy railway ser- 
vice. They are for passenger service and for combined passenger and freight, and 
include locomotives for direct current, three-phase current, and single-phase 
alternating current, and others adapted for operation on either single-phase 
alternating current or direct current. 

290 A brief description of these locomotives follows, including mention of 


Some of their notable features. 


-—-s LOCOMOTIVES OF THE WESTINGHOUSE ELECTRIC & MFG. CO. 


291 Referring to Table 24, the first column covers locomotives built for the 
New York, New Haven & Hartford Railroad, for operation on their electrified zone 
between New York and New Haven. The electrical system demanded that the 
locomotives be capable of operation both on single-phase and direct current 
There are 41 of these locomotives in operation. A gearless concentric motor for 
each driving axle is mounted on a quill flexibly connected to the driving wheels. 
The dead weight on the axles is thus reduced to a minimum. Two of these 
locomotives are shown attached to the train in Fig. 18 of the paper 
292 The second column covers locomotives built for the Grand Trunk lail- 
way for operation in the St. ClairTunnel under the St. Clair River. These loco- 
motives are designed for operation with single-phase current only. They are 
handling the entire freight and passenger traffic through the tunnel. A report of 
the operation of these locomotives is given in Par. 288, Appendix No. 1. The 
locomotive is shown in Fig. 25. 
293 The third column covers locomotives built for the Pennsylvania Railroad 
_ for operation in their New York tunnel. They are for passenger service only and 
_ operate on direct current at 600 volts on the conductor. The first locomotive has 
been run 17,000 miles on test. The center of gravity of these locomotives is high, 
z the motor is mounted well above the driving axles. The transmission from 
_ motor to wheels is by cranks and connecting rods. These parts are protected from 
possible damage due to short circuit by interposing between the armature and its 
shaft a friction clutch which will slip before damaging stresses are imposed on 
the transmission. The motors are the largest railway motors ever built and are pro- 
vided with commutating poles, making possible the use of a shunted field control 
which is applied to these locomotives. The locomotive is shown in Figs. 26 .nd 27 


Haven & Hartford Railroad for use in high-speed freight and medium-speed })15s¢!- 
gerservice. It also is fitted for operation both with single-phase and direct-c\rrent. 
970 


: 294 The fourth column covers a locomotive built for the New York, New 
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THE ELECTRIFICATION OF RAILWAYS 


It has been run approximately 3000 miles in test service, actually hauling regular 
freight trains, including the steam locomotives, over the electrified section of 
the railroad on the normal schedules for the movement of these trains. \ 
pinion at each end of the motor meshes with a flexible gear whose center 
is rigidly secured to the quill surrounding the axle, the flexible gear over- 
coming the difficulties in securing tooth alignment and division of load which 
are liable to occur when rigid twin gears are used. It is the only electric loco- 
motive equipped with spur-geared motors which are bolted rigidly to the spring- 
supported parts of the locomotive. Each driving wheel is driven through helica! 
springs, the arrangement being such that the driving wheel has practically free 
vertical play. The locomotive has two trucks, the drawbar pull being transmitted 


Fie. 25 Sineie-PHase LocomMorive FOR PASSENGER AND FREIGHT SERVICE IN 
Sr. Cirarrk TUNNEL OF GRAND TRUNK RAILWAY 


‘through the truck frames. The body is spring-mounted on friction plates in 
place of being carried on truck center pins in the usual manner. It is an excep 
tionally easy riding machine with very low rolling friction. The performance 
has ben satisfactory, and a speed of 40 miles per hour was attained on level 
track with a 1600-ton train. See Figs. 28 and 29. 

295 The fifth column covers a locomotive for the same railroad and service as 
that just described. The comparison between geared and connecting-rod motors 
for identical service is a very interesting feature of this development. The weights 
given in both the fourth and fifth columns are those on which locomotives of 
these tvpes would generally be built. The actual locomotives are somewhat 
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@BORGE WESTINGHOUSE 


heavier, due to particular features of design not inherent in the type. The effect 
on the connecting rods and pins of the pulsating torque of a single-phase current 
is avoided by the introduction of a flexible connection between the armature and 
its shaft. This locomotive has not been tested. 

296 These last two locomotives were ordered by the New Haven road to 
demonstrate the practicability of electric traction for freight service and to assist 
in determining the most suitable kind or type of locomotive. 


LOCOMOTIVES OF THE GENERAL ELECTRIC COMPANY 


297 The first column of Table 25 covers locomotives built for the New York Cen- 
tral & Hudson River Railroad for operation on the electrified zone of the New York 
City terminal. Forty-seven of these locomotives are in use, the first having been 
put in operation in July 1906. They are used for passenger service only, and 
operate on direct current at 600 volts. The mechanical equipment of this loco- 
motive consists of a main driving wheel base with four driving axles and a four- 
wheel guiding truck at either end. The motor is of the bi-polar gearless type, 
the armature being mounted directly on the driving axle, and the mechanical 
structure of the locomotive forming a portion of the magnetic circuit of the 
motors. The characteristic feature of the locomotive is the simplicity of its 
electrical and mechanical construction, which contributes to its high efficiency 
and low maintenance cost. The locomotive is shown in Figs. 22 and 30. 

298 The second column of Table 25 covers locomotives built for operation at the 
Detroit River Tunnel. These are to be used for both freight and passenger service 
between Detroit, Mich., and Windsor, Ont., and will be operated at 600 volts, 
direct current. The running gear consists of two trucks connected together with 
a massive hinge so as to form a single articulated wheel base, and buffers carried 
on the outer end frames of the trucks. The motor is of the direct-current geared 
type with commutating poles and is interesting as the first application of the 
commutating pole motor to this class of service. Twin gearing is used between 
the motor and driving axle, and consists of a pinion at each end of the armature 
shaft and a corresponding gear on the axle. The use of twin gearing relieves the 
armature shaft of torsional strains and maintains the parallelism of the shaft 
and axle. Five of these locomotives have been built and are awaiting completion 
of the tunnel. While they are not in actual operation, extensive tests made on a 
test track in hauling and accelerating freight trains up to 1500 tons in weight 
have proved that this type is very satisfactory for the service. 

2) The third column covers locomotives built for the Baltimore & Ohio 
Railroad for operation of both freight and passenger service through the Balti- 
tore elt Line Tunnel. Two of these locomotives are in use and operate on direct 
curret at 600 volts. The general design is similar to the Detroit Tunnel locomo- 
tive cribed above and the same type of motors are used, but the motors are 
gear ‘or higher speed in order to meet the speeds required by passenger service 
ont. relatively lighter grades of the Baltimore Tunnel. 

30 - The fourth column covers locomotives built for the operation of freight 
and; onger trains through the Cascade Tunnel of the Great Northern Railway. 
Thes: | comotives are designed for three-phase operation at 25 cycles and 6600 
volt the trolley. The mechanical structure consists of an articulated wheel 
hase ‘ar to that of the Detroit River Tunnel locomotive described above. The 
‘s three-phase induction motor with external secondary resistance and 


am 


| 


IANNOA LT iN AHL AAILLONOOO' GALVTA VINVATASNNG,Y Olof 


> 
< 
Zz 
° 
— 
< 
>) 
= 


|} 


TANNOY, WHOL MAN 


AS 


=) 
Z. 
& 
N 
= 
re 
~ 


975 
3 
Z 
“77/7 Z 3 
| 
« 
= 4 | 
@-a 


Fic. 28 Srneie-PHASE AND DirREcT-CURRENT LOCOMOTIVE FOR PASSENGER AND 
FREIGHT SERVICE ON THE NEw York, New Haven & Hartrorp Rariroap 
MOTORS WITH FLEXIBLE TWIN SPUR GEARS ARE PLACED DIRECTLY OVER DRIVING AXLES 


fitted with a gear at each end of the armature shaft. The service for which they 
are ultimately designed is the operation of a division 57 miles long with ruling 


Fic. 29 View SHowinG ARRANGEMENT OF Morors OveR DrivinG AXLES | 


Locomortve Intusrrarep 1Nn 28 
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THE ELECTRIFICATION OF RAILWAYS 


Fig. 30° Exvecrric Locomotive oN THE New York Centrrat & Hupson River 
RAILROAD 
: grades of 2.2 per cent and an average grade of 1.55 per cent. Four of these 
4 locomotives are in service and it may be of interest to note that they were involved 
in the disastrous avalanche of March 1, 1910, which swept through the electrified 
yards at Wellington, Wash. The locomotive is shown in Fig. 31. 
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301 The fifth column covers locomotives built for the Paris-OrleansRailway, 
for use in hauling passenger trains from ay) Austerlitz Station to the Quai 
d’Orsay. They are designed for operating on 600 volts, direct current. These 
locomotives are historically of interest, the first one of them having been delivered 
in 1899, and twelve being now in service. Each locomotive has two independent 
trucks, each truck equipped with two geared motors, and carrying weight of cab 
and platform on the center pin with draft gear and buffer attached to this plat- 
form. This represents a type of locomotive of which a large number have been 
built, and which has proved highly satisfactory for light and medium classes of 
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APPENDIX No. 3 
COMPARISON OF SYSTEMS OF ELECTRIFICATION i 


302 The salient features of the three systems of railway electrification are 
presented in a number of diagrams so arranged as to permit of a ready comparison 
between their essential characteristics, particularly in the circuits and apparatus 
which transmit the power from the power station to the locomotive. 

303 The perspective sketches, Figs. 32 to 35, show the commonly used types of 
apparatus and circuits in a simple and elementary way, as only a single generator 
and a single sub-station, containing but one group of units, are shown, and auxil- 
iaries such as switchboard apparatus are altogether omitted. 

304 Fig. 32, showing the direct-current system, illustrates the alternating- 
current generator, the three raising transformers, the three-phase transmission 
circuit, the three sub-station lower transformers, and the rotary converter which 
supplies direct current to the third-rail contact system. 

305 Fig. 33, illustrating the three-phase system, is similar to Fig. 32 up to the 
point where the power passes the sub-station transformers. Power is then deliy- 
ered directly to the contact system, consisting of two overhead trolley wires, 
shown suspended from supporting cables in accordance with the commonly used 
catenary construction. 

306 Fig. 34, presenting the single-phase system, has a similarity to the pre- 
ceding sketch of the three-phase system, Fig. 33, and may be derived from it by 
simplifying its several elements. Single transformers instead of groups of three 
are found in the power house and sub-station. The transmission has two wires 
instead of three and there is but one trolley wire instead of two. 

307 Fig. 35 shows the single-phase system where the distances are moderate 
and the generator can supply current directly to the trolley wire at 11,000 volts, 
thereby eliminating the high-tension transmission circuit and the sub-stations. 
This is the method employed in the single-phase installation on the New Haven 


system. 7 


DIAGRAMS OF TRANSMISSION CIRCUITS AND SUB-STATIONS 7 


308 Fig. 36 shows the arrangement of transmission lines and contact circuits 
and the relative number and location of sub-stations for each of the three systems. 

309 The direct-current sketch, Fig. 36, shows the three-phase transmissio! 
line running from the power house to the sub-stations, which contain step-dow1 
transformers and rotary converters for changing the high-potential alternating 
current to low-potential direct current. It also shows the third rail supplemente:: 
by an auxiliary conductor or feeder. The track serves for the return circuit. 

310 In a certain typical case it was found that the sub-stations should | 
approximately eight miles apart for a pressure of 600 volts in the direct-curren! 
system. If direct current were used at a pressure of 1200 volts, half of the sul 
stations could be omitted. 
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311 The distances above mentioned are found to be proper for a particular 
case and the diagram is intended simply to show approximately the relative 
number of sub-stations required in the several systems. The actual distances in 
other cases may be more or less than those given. In the several systems employ- 
ing a transmission line the distance may obviously be extended to include a 
greater number of sub-stations than are shown. 

312 ‘The three-phase sketch, Fig. 36, shows the three-phase transmission line 
and sub-stations containing transformers only, for reducing the high-potential 
alternating current to low-potential alternating current for use on the double 
overhead trolley system with track return. The sub-stations are spaced the same 
distance apart as those in the direct-current system. This arrangement of sub- 
stations is for 3300 volts on the trolley. With 6600 volts on the trolley, half of 
the sub-stations would be omitted. 

313 The larger single-phase sketch, Fig. 36, shows a single-phase transmission 
line running to sub-stations containing transformers only, to reduce the high- 
potential alternating current of transmission to a suitable potential. 11,000 volts, 
for use on the single overhead trolley with track return. 

«314 The smaller single-phase sketch shows a single-phase line which is not 
— too long to prevent the entire system from being fed directly from the generators 
without the intervention of transmission, line or transformers between the gener- 
= and the trolley circuit. This sketch shows the method employed on the New 
Haven system. 

315 In thickly populated districts congested with traffic, the generating 
stations, of which there should be not less than two in order to minimize inter- 
‘tuptions to traffic, should probably be located at junction points or places demand- 
ing the greatest power and at distances not exceeding thirty or forty miles. 
_ With such a disposition of power houses, the overhead trolley wires will usually 
_ be sufficient for the supply of current. In like manner, where the traffic is not so 

heavy, the power houses can be placed at greater distances, bearing in mind, 
however, that the increase in traffic may subsequently demand intermediate 
power houses or sub-stations. In cases where power stations are long distances 
apart, the single trolley wire should probably be supplemented by an additional 
circuit in order to guard against interruptions due to defect in the trolley wire, 
and to give a sufficient supply of power for any contingency. 


| COMPARATIVE LOSSES, SHOWN IN FIG. 37 | 


316 Fig. 37 shows the comparative losses between the generators and the loco- 
tnotives for each of the three systems, based on a class of service where the input 
to the locomotives by the several systems is practically the same. 

317 As some kinds of service render one type of motor with its auxiliary 
apparatus and control more efficient, while under other conditions it may be 
less efficient, this variable element has been eliminated by assuming the same 
power delivered to each locomotive as a basis for a general comparison of the 
transmission losses. 

318 The total height of each column in the diagram indicates the total power 
dclivered by the power house in the system designated. The height of the long 


portion at the lower part of each column indicates the amount of power which 
reaches the locomotive. 
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319 The loss between power station and the locomotives is represented by the 


upper shaded areas. The respective losses in raising transformers, transmission 
line, lowering transformers, rotary converters and the contact line (comprising 
trolley or third rail with track return) are segregated. 

320 It will be noted that the large losses in the rotary converters appear only 
in the direct-current system. The larger single-phase column shows the losses 
where the distances are such that it is necessary to use a transmission line and 
transformers. The smaller single-phase column represents the trolley wires 
connected to the generators without any intervening transmission line or trans- 
formers. The loss of power between power house and locomotives is relatively 
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small as compared with that in any of the other systems. This is the condition 
on the New Ycerk, New Haven & Hartford Railroad, where the power house is 
distant nearly 20 miles from one end of the line. 
COMPARATIVE FIRST COSTS, SHOWN IN FIG. 37 
Fig. 37 shows the comparative estimates prepared a few months ago of 
first cost in a particular case for electrification by the direct-current system 
and by the single-phase system. In the preparation of these estimates the three- 
phase system was not called for and as no estimate covering it has been prepared, 
it is .ot ineluded in the present comparison. The estimates cover a single track 
line 100 miles long involving both freight and passenger traffic in both through 
and \ocal service and include twenty locomotives. 
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38 Companative First Costs ror Direcr-CuRRENT AND SINGLE-PHASs! 
SysTEMS IN A PARTICULAR CASE OF 100-MILE SERVICE 


Fig, 39. Comparative First Costs THe Dirreren’ Systems 
FOR A SPECIAL CASE OF PUSHER SERVICE 
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322 The costs for power station include only the machinery and building and 
do not include cost of hydraulic development. It will be noted that the consider- 
ably less cost of the single-phase system in this case is due largely to the lower 
cost of contact line and sub-stations. 

COMPARATIVE FIRST COSTS, SHOWN IN FIG. 39 

323 Fig. 39 shows the comparative estimates of first cost for the three systems 
for pusher service on mountain grades in a particular case involving the use of 
twelve locomotives. The total length of line is 32 miles, part of which is single 
track, part double track and part three tracks. In addition to the main line 
there is a large yard to be electrified, there being a total of 90 miles of single track. 
rhe location of the power station was fixed by non-electrical considerations, 
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hia. 40 ComPpaRATIVE OPERATING Costs IN THE DIFFERENT SYSTEMS IN 
A SpeciaL Case oF PuSHER SERVICE 


The distances were such that sub-stations were required when either direct current 
or three-phase current was assumed, but the entire system could be fed direct 
from the generators if single-phase current was used. 

“24 It will be noted that in this case the omission of sub-stations and trans- 
mission effeets a very considerable saving in favor of single-phase as well as the 
Ustial large saving in cost of contact line effected by the use of this system. The 
cost of the part of the system between the power house and the locomotives in 
the direet-current system is nearly equal to the cost of both power house and 
locomotives. On the other hand, the cost of the single-phase contact line, the 
only intervening element between the power house and the locomotives, is 
less ‘han one-half of the cost of the direct-current transmission and contact system. 

COMPARATIVE OPERATING COSTS, SHOWN IN FIG. 40 


Fig. 40 shows comparative operating costs for the three systems for the 
r service outlined in the preceding diagram of first costs. It should be noted 


i 

4 

| 

x 
ty 
| 


988 THE ELECTRIFICATION OF RAILWAYS _ 


that these costs do not include fixed charges. If fixed charges were included the 
difference in operating costs in favor of the single-phase system would be muci: 
more marked. 

326 In connection with this diagram it should be noted that sub-statio: 
attendance is required for the direct current system only. The reason for the three 
phase and single-phase systems being so nearly on a par is that this case is an 
ideal one for the application of the three-phase system since it involves constant 
speed operation under constant-load conditions. It is notable, however, that even 
under these conditions the single-phase system shows somewhat lower operating 
costs than the three-phase system. 

327 The high operating cost with the direct-current system is seen to be due 
largely to the greater amount of power required for operation by this system on 
account of the large losses which occur between the power house and the loco- 
motive in this system. 
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APPENDIX No. 4 


ELECTRIFIED STEAM ROADS AND ELECTRIC ROADS 
FOR TRUNK LINE SERVICE 


The accompanying tables give data upon many of the important railroads 


on which electricity is used in heavy railway service. 


Only such data are included 


as were conveniently available and such omissions or inaccuracies as may occur 
do not detract materially from the forceful presentation of the extent and char- 
acter of the use which is now being made of electricity in railway service. 


The horsepower ratings of the various motor cars and locomotives are in 


general the nominal ratings for a short period, usually one hour, but as these 
ratings have been adapted in some cases to the particular service in which the 
motors are to operate they cannot be taken as a basis for an accurate comparison 
between the capacities of different equipments. 


TABLE 26 SINGLE-PHASE ELECTRIFICATION 
On Sream RarLways AND IN TRUNK Line SERVICE 


Erie R.R. 


Pruss 


Lond 


Midi iy. 


New Canaan Br 


Grand Trunk R.R 


Midland Ry., England 


Rochester Div.. . 
Colorado Southern Ry. 

Denver & Interurban 
Baltimore & Annapolis 
Short Line......... 


n State Rys....! 


Brighton & 


Sour: Coast Ry..... 
Rotter /um-Haag- 
Scheveningen....... 


Spokane & Inland..... 


of France. . 


34 


Miles Miles of , 
Road of Single Line 
| Line Track Voltage 
| 
| 
N.Y..N.Hi& H. 
Main Line.......... 21 100 


Moror 
LOCOMOTIVES 
Cars 
No, h.p. No. h.p. 
4 600 1400 


16 460 

{6 500 

28 400 |) 5 

30 | 500 | 2 | 1600 


- 
rf 
ae 
—_ 
SSS 
9 
3.5 3,300 6 900 
= 
4 = 11,000 6 | 400 
6 11,000 8 | 500 4 
5 30 6,600 12 
7 7 2 240 1 300 
6.000 122 | 3604 4 
| 6.5 31 6,600 42 00 
0.5 46.5 10,000 
9 129 6,600 
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THE ELECTRIFICATION OF RAILWAYS 
TABLE 27. CONTINUOUS-CURRENT ELECTRIFICATION 


On Stream RarILways AND IN TRUNK LINE SERVICE 


Moror Locomoriy:s 


Miles | Miles of 
Cars 


Road of Single 
Line Track 
h.p. 


Pennsylvania R.R 400 
West Shore R.R....... q 360 
Long Island RR 400 
West Jersey & Sea- 

400 


Northeastern Railway. 
Mersey Tunnel 
Lancashire & York- 
shire Railway 
Great Western Ry..... 
Metropolitan Railway. 
| 


TABLE 28 CAR EQUIPMENT OF SUBWAY AND ELEVATED SYSTEMS IN 
AMERICAN CITIES 
Tae Direcr-Current Turrp-Rait System at APPROXIMATELY 600 VoLTs 18 Usep IN Aut Cases 


MILES OF Motor Cars 
Roap SINGLE 
TRACK > 
No. h.p. 


Boston Elevated Railway 219 


Brooklyn Rapid Transit a 


Interborough Rapid Transit (New York) 


Hudson & Manhattan (New York) 
Chicago & Oak Park 


Metropolitan West Side (Chicago) 
Northwestern Elevated (Chicago) 
Southside Elevated (Chicago) 


Philadelphia Rapid Transit 


4 
( 
. 
No. h.p, 
17 2200 
24 4000 
\ 3.7 7.4 600 2.5 1600 
37 600 300 2 600 
4.8 wee 600 24 400 Sun 
18 60 600 600 
67 600 56 600 | 10 800 
7 an 
300 7 
764 400° 
20 250° 
150 180 
150 


GEORGE WESTINGHOUSE 
TABLE 29 THREE-PHASE ELECTRIFICATION 


On Steam RAILWAYS AND IN TRUNK LINE SERVICE 


Miles | Miles | | Moror 
Road an _of Line Cars 
Single Voltage - 
Track | No. h.p. No. h.p 
Gt. Northern R.R | } 
Cascade Tunnel... . 4 6 6600 ee 4 1900 
Italian State Railways. 
Valtellina Railway .. 66 3000 10 400 
Giovi Railway..... 12.4 37.3 3000 2000 
Mt. Cenis Tunnel... 4 3000 | 10 | 2000 
Savona Ceva...... 3000 10 2000 
Swiss Federal Railways 
Simplon Tunnel.... 13.7 14.3 3000 ives 11300 
Gergal Santa Fé(Spain) 
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APPENDIX No. 5 


THE EARLY HISTORY OF SINGLE-PHASE RAILWAY MOTORS 


330 In Par. 230 brief mention was made of two single-phase motors of 10 h.p. 
built in 1892 by the Westinghouse company for determining the possibilities of using 
alternating current for traction work. These motors were designed for 2000 
alternations per minute and about 200 volts. They were of the series type, with 
commutators, and had a relatively large number of poles. They were mounted 


Fie. 41 Tur First Exvecrric Car. Desiunep 1892 
AND Equiprep Two SINGLE-PHASE SERIES MoTors 


upon a car and tested on a short piece of track with some very short curves and 
rather steep grades. The car is shown in the accompanying illustration, Fig. 4! 

The current was supplied from a conductor placed intermediate between the rails 
The capacity of the engine and generator used for these tests was insufficient 
for the service, and the voltage drop in the rails was excessive. The test showed 
that the motors would run the car, although the current available was hardly 
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sufficient for operating the car on the curves and grades. A transformer on the 
car served to transform from a few hundred volts on the supply cireuit to that 
required for the motor. There were several taps on this transformer, and by 
means of several single-pole switches, the voltage could be varied. Several 
frequencies lower than that for which the motors were designed were employed 
for testing the motors. 

331 Almost the entire effort in railway work at that time was concentrated 
on electric cars for city service. While the single-phase system gave promise of 
certain advantages for this service, it was found that there were disadvantages, 
particularly in the large losses in the conductors for supplying the current, which 
rendered the single-phase system much less adapted to this service than the direct- 
current system. 

332 It was recognized that the single-phase system would be ideal for loco- 
motive operation, but as no projects of this sort were then in view, no immediate 
work was done in building large motors of this type. 

333 Some seven or eight years later, the enlarging field of railway operation 
was showing the imperative need of some practical method by which high tension 
could be used on the trolley wire in order to minimize the cost of supply circuits. 
Furthermore, the accrued experience and greater knowledge in the methods of 
designing alternating-current motors opened the opportunity for the development 
and perfection of the single-phase system. 

334 Motors of 100 h.p. were designed, built and tested on an experimental 
track. The results of this work and the importance of the single-phase system 
in railway operation were presented in a paper by Mr. B. G. Lamme before the 
American Institute of Electrical Engineers in September 1902. This paper 
awakened widespread interest and was followed by the active development of 
single-phase apparatus by a number of manufacturing companies, both in America 
andin Europe. There are now about 60 single-phase railways in operation. 
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No. 1293d 


DISCUSSION ON RAILWAY ELECTRIFICATION 


Joun A. F. Asprnauu' said that he wished to express their very 
great regret that Mr. Westinghouse, President of The American 
Society of Mechanical Engineers, was unable, as he had intended, to 
be present to read his own paper; but he had written a special letter 
saying that that would be done for him by Mr. Scott. Each of the 
papers to be read dealt with the subject in a different way, but 
every one of them was interesting. Mr. Westinghouse’s paper 
pleaded for a careful consideration of the system which ought to be 
adopted to enable railways which were electrified to interchange 
their trains, and urged that the subject should be considered on an 
ordinary commercial basis. 

The whole question of the commercial success of electric railways 
was dealt with in a very prominent manner by Mr. Pomeroy, who, 
at the end of his paper (Par. 28), pointed out the necessity for com- 
mercial considerations, and said: ‘‘The idea is all too prevalent with 
the public, and even with some of the bodies that have been given 
legal power of supervision over railway companies, that any expendi- 
ture which can be forced upon the railway companies is just so much 
gain for the public. Never was there a more absolute fallacy. In 
the long run, the cost of every bit of railway improvement must be 
paid for by those who buy tickets and ship freight. Economy in 
the administration of our railways is just as important in the interest 
of the general public as if the railways were actually under govern- 
ment ownership.” He read that passage because it seemed to him 
that it was the direction in which it was necessary to look in order 
that electric railways might be successful. 


(CHARLES F. Scorr,? after reading Mr. Westinghouse’s paper, 
sail that just before he departed from America Mr. Westinghouse 
sail to him that he would like to have some one present at the 


Pres. I. Mech. E., Genl. Mgr., Lancashire & Yorkshire Ry., Hunt’s Bank, 
Manchester, Eng. 

Vast-President, A.I.E.E.; Consulting Eng., Westinghouse Elec. & Mfg. Co., 
sburg, Pa. 


sented at the meeting of Tae American Society oF MeEcHANICAL 
with Tae Instrrurion or Mecaanicat Enoaineers, London, 
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meeting who appreciated his purpose and motive in preparing the 
paper. He said he could illustrate the point by giving an instance. 
Several years ago, when the question of the compulsory electrification 
of railways in tunnels and terminals was before the New York legis- 
lature, and about the time that certain tunnel disasters took place 
both in America and in Europe, Mr. Westinghouse publicly advo- 
cated the use of steel cars for passenger service in tunnels. The 
matter was taken up and generally discussed, and he was severely 
criticized in some quarters for making the suggestion; he, how- 
ever, adhered to the suggestion he had made, and steel passenger 
cars were now becoming the standard for that type of service in 
America. The Pennsylvania Railroad Company had adopted them, 
and he believed it was the intention of that company that all cars 
which entered the new tunnel and terminal at New York City, even 
the cars which went west to Pittsburg and Chicago, both coaches and 
sleepers, should be of steel, and many of those cars were now running. 
Mr. Westinghouse added that at the present time he was endeavoring 
to give his best thought from the railway standpoint to the question 
of electrification, in order that he might do a future service to rail- 
ways. 


H. F. ParsHat,' in opening the discussion, thought the Institu- 
tions were to be congratulated on the character of the papers and on 
the eminence of their authors. Mr. Westinghouse’s name was 
known throughout the world as a pioneer in electric traction and in 
traction generally. Mr. Potter’s name was not so well known, princi- 
pally because he was the chief engineer of a great organization, but 
it might be said that, considering Mr. Potter’s connection with trac- 
tion affairs during the whole development of the electrical apparatus 
of the General Electrical Company, he was probably the first authority 
in the world so far as the details of electric traction installation were 
concerned. The other authors were well known, and he need not 
comment upon their merits. One point which came out last, which 
showed the vastly different point of view of American traction com- 
pared with English traction, if it could be justified, was, that in an 
electric traction installation in America the cost of transmission ws 
the controlling factor. That certainly was not so in this coun'ry, 
where there was an institution called the Board of Trade, w!' bh 
insisted upon the most expensive form of transmission system 1) at 
could be thought of. Only seven-volts drop in the earth return \ «s 

Mem.Am.Soc.M.E. 
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allowed, which meant numerous sub-stations of large capacity. It 
would hardly be credited by American engineers that in a line like 
the Central London Railway, of which he was the consulting engineer, 
which was only six miles long, there should be five sub-stations which 
had a net capacity of 9000 kw. for 32 seven-car trains. It was 
impossible for that railway, under all conditions of working,.to com- 
ply with the requirements of the Board of Trade and of the Post- 
master General, except bythat arrangement. In addition to the sub- 
station arrangements there was a storage battery system which 
would work the entire train service for a short time. The arrange- 
ments were most elaborate, more elaborate than would be required 
for any surface road, because it was necessary to get the passengers 
out of the tunnel in case of a general failure. He thought it would 
be conceded that such a transmission system was as elaborate as 
it possibly could be. However, taking total capital charges at the 
rate of 5 per cent, and the energy lost in the system, the total cost of 
the transmission was 15 per cent of the total; the cost of the mainte- 
nance, including the corresponding cost for the operation of the rolling 
stock was something like 45 per cent, and the cost for the balance, 
the power house, and so on, was something like 40 per cent of the 
total motive-power charge in an elaborate traction system of that 
description; that is, the cost of maintaining and operating the rolling 
stock was three times that of the transmission cost. 

In America, where the sub-stations were further apart and where 
there was no restriction in respect to the use of the earth return, the 
transmission system must be a great deal cheaper, so that he could 
not readily aecept the statement of Mr. Westinghouse that in a 
traction system the controlling feature was the transmission system. 
Again, taking the figures of 40 or 45 per cent for rolling stock, includ- 
ing the maintenance, and 5 per cent on the capital, the transmission 
system at 15 per cent on the same basis, and applying the figures 
which Mr. Hobart had given, which were representative not only 
of the installations in this country, but of American installations, it 
would be found that the difference in capital charges as between 
direct-current and alternating-current, so far as rolling stock itself 
was concerned, would more than wipe out the whole cost of the 
transmission system. It would leave a negative balance; the alter- 
nating-current system would have to bring with it a premium to the 
user for the installation. 

Then, again, there must be primarily considered some transmis- 
sio. system on an alternating-current single-phase railway when 
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generally extended. Supposing that they had to transmit the sam« 
amount of power over the same distance, one single-phase and th: 
other three-phase, with unity power factor one-third more coppe: 
would be required for the single-phase than for the three-phase 
system. In the single-phase installation the power factor was less 
than unity. In the three-phase, by the use of rotary converters it 
might average approximately unity. The best figure that was given 
him in America by alternating-current advocates was 75 per cent 
power factor in a general single-phase system. Carrying those two 
factors into a general calculation, and allowing 10 per cent loss in 
the rotary converter, the conclusion reached was that the cost of 
a high-power transmission line for a single-phase system was 60 per 
cent greater than for a direct-current system; the calculation of which 
was based on an equal current density in the copper. If it was taken 
for equal energy loss, the cost of copper to convey the same amount 
of energy would, owing to the difference in the transmission, and 
in the power factor, be twice as much for the single-phase system 
as for a three-phase system. 

He had recently been to America, and through the courtesy of 
Mr. Murray had been over the New Haven system. He had also 
been over the New York Central system. One fact which stood out 
most prominently was that each system was competent to deal with 
dense terminal traffic in a way that steam traffic could not deal with 

With regard to systems, he did not think the New York Central 

— could be compared with the New Haven, at least from a British 
point of view. The New Haven system could not be operated in 
England under the Board of Trade regulations; all the safeguards 
that had to be provided in this country had been most studiously 
left out of the New Haven system. He did not wish to criticize the 
system unfairly or in detail; Mr. Murray was certainly most enthu- 
siastic and most court:ous, but was considering the problem as a 
_ trunk-line question only. One point which came out very strongly, 
= on which he found that most American engineers were unani- 
mous, was that for suburban work or interurban work, or practically 
any service in which the motor car was necessary, the single-phase 
~ was hopelessly out of it. In the case of trunk-line work. where the 
locomotive would be the main factor, a great deal remained to be 
said, but so far as immediate application in England was concerned, the 
: single-phase system, in the light of American experience, was suitable 


_ only to a class of haulage that was not likely soon to become electrified. 
There were undoubtedly a great many railways in this country ‘hat 


would profit largely in their terminal arrangements by electrifica- 
tion. Some of the great railways in London were experiencing the 
severest difficulty at the present time in handling their terminal 
traffic. The controlling factor of such a system would be the capi- 
tal cost. Where acceleration in dense terminal traffic was the rul- 
ing condition, a single-phase system was vastly more expensive in 
its first cost, it would not give the same acceleration, and it must 
be expensive to operate. He did not think he would add to the value 
of the discussion by going into all the figures mentioned in the papers. 
Figures could be presented from different points of view, and could 
not be intelligently discussed unless all those different points of view 
were known to those who were discussing them. 


J. Dauziew! said that in both the English papers before the meeting 
it was asserted that main-line electrification was commercially im- 
practicable, and that suburban working might therefore be dealt 
with quite aside from any main-line considerations. While he did 
not agree with that view, he considered it more reasonable than advo- 
cating separate consideration of every case. That course, to his 
mind, spelled chaos. He believed that main line electric working in 
England was not only commercially but comparatively imminent, and 
if that was so it was unquestionable that, other things being equal, 
to design to fit in with those future conditions was more important 
than anything else in scheming any electrifications, and that there- 
fore the finding of a generally applicable all-round system was the 
most important electric traction problem of today. He took up that 
position in his joint paper? to the Institution of Civil Engineers 
last winter, and followed it out to show by the results of tests that 
the single-phase system was burdened with few if any of the disa- 
bilities attributed to it, more particularly for suburban work, and 
that, other things thus being equal, it emerged as the desired generally 
applicable system. According to his paper before the meeting, that 
was Mr. Westinghouse’s opinion, and it also represented apparently 
that of the continental engineers, whose adoption of single-phase, 
particularly in Germany, for heavy working was almost universal. 
A similar conclusion was reached within the last few weeks at the 
conference of the International Railway Congress. Even granting 
for the moment that single-phase had disadvantages in suburban 


‘Chief Mechanical Engineer’s Office, Midland Railway, Derby, England. 
Proc. Inst. C. E., 1909, vol. 179, p. 47. 


DISCUSSION 999 
te 


| 
1000 RAILWAY ELECTRIFICATION 


_work, he did not see how electrification could be regarded as a narrow 
question of separate sections and districts. Leaving aside detail, 
- into which he had entered elsewhere, the same policy necessaril, 
evolved to meet the continuous growth of traffic that had led to dou!) 
lings, widenings, and regradings, pointed directly to electrification, ani 
he failed to see how, without information as to the existing railway 
conditions, it was possible for any correct judgment to be formed us 
to the actual demand for increased capacity. It was clear that, 
with all the doublings and widenings that had taken place, there 
must be at the present time lines which were approaching their maxi- 
mum capacity, and where expensive methods, such as double-heading, 
banking, and so on, were required; and the necessary added capacity 
_ of those lines could be obtained far more cheaply by electrification 
than by doubling or regrading. For example, though he made no 
allegation as to congestion on the lines in question, and spoke not 
at all for the company with which he was connected, the disparity 
_ between the relative costs of electrification and of regrading alone, 
without doubling, on the Derby-Manchester and Sheffield-Manchester 
sections of the Midland main line would clearly be overwhelmingly 
in favor of the electrical alternative. It was true there were no water 
powers in this country, but there was coal of cheaper quality than 
could be burned on a locomotive, and, in fact, electrification schemes 
on those very lines were in progress in Germany, while the heavy, 
continuous and mixed traffic, the large amount of shunting and 
terminal work, and the congestion and heavy grades of many sections 
and branches were factors favoring electric methods here more 
than anywhere. To ignore main-line work, then, would be to take 
a very serious risk of incurring future complications and retarding 
natural development, and that being so, single-phase in suburlan 
work must have drawbacks very pronounced indeed to justify its 
; being discarded. 
The English papers before the meeting were adverse to single- 
_ phase, but the allegations made earlier in its history, of inferior 
acceleration and higher power consumption for similar schedules, 
had disappeared. There remained adverse weight and cost compati- 
sons and unreliability. Mr. Potter’s reports as to unreliability 
probably resulted, to some extent, from the double-current working 
so largely used in America, which, by the complications it iniro- 
duced, and which it was hoped would be avoided in this country, 
undoubtedly must reduce reliability as well as increase both «ost 
and weight. Single-phase apparatus being new, progress in knowl- 
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edge and design would assuredly reduce both weight and cost. In 
respect to reliability, and in particular to Mr. Carter’s remarks as 
to the use of forced draft, he would like to mention that the Mid- 
land’s Westinghouse single-phase equipment at Heysham had had 
only four breakdowns in the two and a half years of its service, and 
those, being caused by failures respectively of a lightning arrester, 
a badly made high-tension joint, a circuit breaker trip coil, and a 
motor armature, could hardly be attributed either particularly to 
the fact of the apparatus being single-phase or in any way to forced 
draft being in use. 

With regard to efficiency, the lower single-phase efficiency was 
counterbalanced by the single-phase motor characteristic being better 
suited to heavy schedule suburban service, because of its better sus- 
tained acceleration, a feature which might be accentuated by over- 
voltage tappings, and which increased coasting and decreased brake 
losses. In fact, cases in which the actual power-station output or 
purchased energy for the railway were so appreciably greater with 
single-phase as to justify its being rejected if there was any possibility 
whatever of long distance extension were, notwithstanding greater 
equipment and train weights, practically non-existent, and in most 
cases single-phase should go in on its merits. Taking one example 
only, Mr. Aspinall’s Liverpool-Southport trains had a consumption 
of 96 watt-hr. per ton-mi. On a similar schedule the Midland Heysham 
train consumed on test 88 high-tension watt-hr. per ton-mi. with a 
very light train. Withtrainsof similar accommodation the respective 
power-station outputs would be as 1.25 to 1 direct-current to single- 
phase, the latter being 3.8 per cent the heavier, making no allowance 
for better working of the longer train. ‘That schedule could be main- 
tained by the alternating-current train continuously. He would 
like to say that Mr. Carter’s direct-current efficiency on Fig. 5 
was 933 per cent overall, and they must be specially good motors. 
He would also say that Mr. Carter’s time-speed curves in Fig. 5 were 
noi quite fair in this respect to single-phase, as the respective gear 
ratios were such that the free running speeds of the train shown were 
higher in the alternating-current than in the direct-current case, 
notwithstanding that the alternating-current train was heavier per 
motor. He would not follow Mr. Carter’s anti-forced draft remarks, 
as iorced draft was being increasingly adopted, and involved no 
difiivulties not easily got over. Mr. Carter would have to take 
thines, including single-phase motors, as they were. 


What he had to say as to Mr. Hobart’s paper hinged largely on 
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his Table 3. In the first place, the Heysham trains were not 
primarily designed for the service analyzed by Mr. Hobart. They 
took occasional loadings much in excess of those given, the Midland 
working time-table permissible loads being 215 tons between Hey- 
sham and Morecambe, and from Morecambe to Lancaster, and 185 
tons from Lancaster to Morecambe. Onbusy days in summer the cars 
took four-coach trains for many hours together as rapidly as those 
trains could be got in and out of the stations, and that service was 
principally between Lancaster and Morecambe, which was a shorter 
distance and a higher speed schedule, being less restricted by curve 
restrictions than that in Table 3. What those coaches were fully 
capable of doing might be typified by the 30-mi. per hr. 1.32-mile service 
with 88 watt-hr. per ton-mi. consumption already mentioned. Us- 
ing with those the revised Siemens equipment weight, he had made 
up another analysis of the Heysham train bringing out the correct 
hersepower output per ton of electrical equipment at 8.83. Li, 
however, Mr. Hobart wished to make a comparison on actual weights 
and on the schedule he had worked on, a fair comparison would have 
been made on the Westinghouse car, which worked on that schedule 
as the others did, and the equipment of which weighed only 12 tons. 
On that basis the single-phase horsepower output per ton would be 
7.2. That, however, by no means ended his criticism. As Table 5 
was a comparison really of continuous output, and still remained 
one in which a foreed-draft motor made a worse showing than a 
naturally ventilated one, it was evident there was something still 
wrong. As a matter of fact, there must be a miscalculation in the 
ton-mile consumption given for the Piccadilly train. By a set of 
simple calculations which he had put in (Table 30), and which were open 
to Mr. Hobart’s criticism, it was easy to show that on that output the 
mean current input per motor was of the order of 95 amperes, so 
that the root mean square current per motor could not be less than 
about 150 to 200 amperes, or the unheard-of figure for a naturally 
ventilated motor of a half to two-thirds of the one-hour rating. \Ir. 
Hobart in his book gave the root mean square current ofa naturally 
ventilated traction motor at about a quarter of the one-hour rating, 
which would give for the Piccadilly motors a root mean square «1!- 
rent of about 75 amperes. The Piccadilly consumption, and t!at 
given by Mr. Hobart for the same schedule in his Table 7 were «n- 
tirely in disagreement with the consumption figures for like sc! «d- 
ules in Mr. Hobart’s book, Electric Railway Engineering. !1 
Diagrams 90 and 94 to 96 (pp. 77 to 80) of that book, practically t \at 
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very schedule was given as requiring a consumption of only 56 watt- 
hr. per ton-mi. with 32 sec. coasting, up to 72.8 with no coasting at 
all; that was the absolute maximum, the consumption being reduced 
on a track graded for acceleration and retardation to 30.7 watt-hr. 
The Piccadilly line was described in the Tramway and Railway 
World as graded, but he questioned if that grading was extensive. 
He found by observation that coasting between the shorter distance 
stations averaged about 38 sec., which would therefore make the 
working of the line correspond, even if level, to certainly no more 
than the above-mentioned {56 watt hr. per ton-mi. Giving Mr. 
Hobart for tunnel train resistance, which, according to a footnote of 
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Fia. 42 Sremene Car, 
21.5 Tons per Motor. Gear Ratio, 3.7 tol. Wheels 40 in. 


his paper should not have much effect, an increased allowance up 
to 63 watt-hr. per ton-mi., and revising his figures accordingly, his 
specified figure for output per tonof the Piccadilly equipment became 
7.4 against the specific output of the Heysham train, already men- 
tioned, of 8.838. Such a result was only to be expected in considera- 
tion of forced draft being in use on the latter. That corresponded 
to « root mean square current on the Piccadilly train of about 120 
aniperes, which was quite high enough. He could not hazard a 
conjccture as to where Mr. Hobart’s error had been made, 
un\ss he had divided the total ton-miles of the railway into the total 
Wa''-hours as supplied toit. Inthat case he must have included all 
the current supplied to the lifts, heating, ventilation, lighting, etc., 
which he was hardly entitled to put to the credit of his motor horse- 
po’ -r output capacity. 
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In further reference to the subject of gear ratios, the free running 
speed of a train, that is, the speed at which acceleration practically 
ceased, was of considerable importance. Its being too high practically 
meant that part of the available power of the motors was thrown away 
owing to their being run at a lower overall speed, and inordinate push- 
ing up of the root mean square current also results. Had the alter- 
nating-current gear ratio of Mr. Carter’s Fig. 5 been more suitable, 
the alternating-current acceleration would have been improved, and 
the power consumption lessened, the margin for making up time 
remaining about the same. For some reason, however, the speed 
time curve of Fig. 5 did not represent anything like the best that an 
alternating-current train of the weight per motor given was capable 
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Fic. 43 Expermmentat Runs, HeysHam 
Representative Train for 26 Mi. per Hr. Schedule. Weight, 43 Tons Norma! 
‘Gear. 21.5 Tons per Motor. Gear Ratio, 2.93 to 1. Wheels, 433 in. 


of, and he (Mr. Dalziel) appended curves (Figs. 42 and 43), based 
on tests made by himself. comparing Fig. 5 curves with two alter- 
nating-current trains of 21 tons per motor, one geared for a higher, 
and one for the same free running speed as the direct-current train. 
As regards Fig. 5 direct-current motor efficiency, it should he 
explained that the efficiency of 933 per cent was obtained by tota!|ing 
_ the respective curves of output and losses on Fig. 5, and as the figure 


overall from start to stop, it was a very high figure. 

Touching on the question of the Piccadilly train consumptions «nd 
on the 30 per cent allowed for passenger weights and shunting ¢on- 
‘sumption, he desired to make it clear that in the train he had ssed 
for comparison, weight of passengers was allowed for. In res) ect 

to making a consumption allowance for shunting, shunting wa» ot 
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a timeless operation nor one taking place concurrently with schedule 
working, as it would require to be to make it legitimate to credit 
shunting consumption to the motors as specific output during sched- 
ule service. If shunting took place, it necessarily involved lie-overs 
and standing periods, and further was obviously not itself per- 
formed at schedule speeds; it then so reduced schedule speed as 
obviously to make it entirely incorrect to calculate the specific out- 
put of the motors on the basis of train-mile input by schedule speed 
as was done in Mr. Hobart’s tables. The greater the shunting, in 
fact, the less would be the hourly motor output, whereas on the con- 
trary, Mr. Hobart used shunting consumption to push up his motor 
output, and so practically claiming that the Picadilly trains did a 
considerable amount of shunting, and yet simultaneously worked con- 
tinuously at their schedule speeds. 


TABLE 30 MR. HOBART’S TABLE 3 REVISED 


Heysham Heysham 


Train Train 
Ordinary 1.32 mile 
Train | Service 30 m.p.h. 
| Westing- Service 
house 
Number of motor coaches. 1 1 
Number of trailer 2 2 
Total number of coaches tn train..............-.... 3 3 
Number of motors ee 2 2 
Total number of axles in train...................... 12 12 
Number of axles driven by motors ................ 2 2 
Length of trait, 150 150 
Schedule speed (a) mi. per he 16.4 31 
Distance between stops, mi. 0.45 4 
Energy consumption per ton- watt- he. 63 40 
Energy per train-mile (b) kw-hr..................... 3.84 | 2.96 
Average Input per train (= a X 6) kw. : 63 | 92 
Average output from motors to axles taking average 
efliclency of electrical equipment as 70 per cent 
59 86 106 
Weight of dls 8 12 12 
Aver: “ace output per ton of electrical equipment... 7.4 | | 8.83 


ANALYSIS OF PERFORMANCE OF PICCADILLY TRAIN 


Line voltage, 550 volts 
On series for 8 sec. at 150 volte. ...........0.0.0-ccceccccececcceecees 1 200 
On parallel for 7 sec. at 410 volts.......... 2 
Runn'ng of motor curve 20 sec. at 550 volts......................... 11 000 


Total for 35 sec.. re 15 070 


Hence mean voltage w hile t oking 


| 
| 
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Now taking mean input as 93 kw. per train we have 46.5 kw. per motor. 
Therefore the mean motor current allowing 15 per cent for losses in rheostat 
equals 

430 X 0.85 = amperes 
which will correspond to a R.M.S. current of about 150 to 200 amperes. Now 
taking mean input as 63 kw. per train we have 31.5 kw. per motor. Therefore 
the mean motor current allowing 15 per cent for losses in rheostat equals 
31.5 X 0.85 


= 62 amperes 
430 
which will correspond to a R.M.S. current of about 90 to 120 amperes. 


COMPARISON OF DirEcT-CURRENT AND SINGLE-PHASE TRAINS TO GIVE SAME 
SEATING CAPACITY AND SCHEDULE AS Mr. ASPINALL’S 117-TON TRAIN 


Tons Passengers 


2 motor cars with luggage compartment at 46 tons 1338 


’ 
ASPINALL TRAIN 


66 


Total. 7 204 
Total energy consumption on 1.32 mile 30mi. per hr. schedule at 6 
watt-hr. per ton-mi. equals 
117 X 96 = 11.32 kw-hr. 
Now transmission efficiency bus bar to collector shoe as given by Mr. 
Aspinall equals 81 per cent. Therefore energy output of generating station 
per train-mile equals 


11.2 
os 


SINGLE-PHASE TRAIN FOR ABOVE SERVICE 
Tons Passengers 
2 motor cars with luggage compartment at 40.5 tons.......... 138 
1 motor car at 40.5 tons............. 


..121.5 204 
Total energy consumption at 88 watt-hr. per ton-mi. equals 7 
121.5 X 88 = 10.7 kw-hr. 
Transmission efficiency bus bar to collector equals 97 per cent. ‘Therefore 


the energy output of generating station per train-mile equals ee 


Hence the ratio of the direct-current power station output to the «iter 
nating-current power station output equals 
13.9 = 1.24 
ll 
The single-phase weight exceeds direct-current weight by 121.5 + 117.0 
or 4.5 tons, which equals 3.8 per cent. 


Vow 


4 = 
4 
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SipNEY Stone! said it appeared to him that one very important 
feature in connection with electric traction had scarcely been touched 
upon, namely, the wear of the track, which the president had laid very 
great stress upon in his Presidential Address,? and which was referred 
to in Mr. Westinghouse’s opening statement. He had hoped to 
hear from their American friends something of their experience as 
to track wear. He believed it was an admitted fact that the wear 
of the tracks of electric railways in this country was excessive, more 
particularly on those lines in which the multiple-unit system was 
used. He believed that on the City & South London Railway. 
where an electric locomotive was employed, the wear was not so 
marked; but on the other lines, more particularly on the District 
Railway, where long trains were used, in which there were two or 
three motor-coaches, one in the front, one in the rear, and during the 
rush hours one in the middle, the wear was very noticeable. He had 
not seen that point touched upon, but it had occurred to him that 
probably the right point had not been looked at for the purpose of 
ascertaining the cause. 

Before the London & North Western Railway trains were taken 
off between Earl’s Court and the Mansion House, the rails on the 
adjoining road could be seen much better than from the District 
trains, and he had been very interested in watching the effect of the 
wear as far as he could from the carriages. He did not know what it 
was due to, but about every 40 feet, bright worn spots were visible 
on the rails. Apparently the bogies were digging into one side of 
the rail until they met sufficient mechanical resistance to throw them 
over to the other side. He believed it was a fact that the rails had 
worn very much in that direction, especially on curves. It had 
occurred to him that the wear, more particularly on curves, and 
with the multiple-unit system, was due to the fact that when a 
train approached a rising gradient or curve, there was increased 
mechanical resistance due to the up-gradient or rail friction on the 
curve, as the case might be, and such resistance would be felt first 
by the leading motor coach. The motor at the rear of the train had 
not the same resistance to overcome, with the result that it pushed 
the train up, thus forcing the flanges against the side of the rails. 
It ha | the same effect as was noticeable when pushing a train of wagons 
on a curved siding; when the train was pushed against a dead end 

'M. Mech. E., London, Eng. 
Proc. I. Mech. E., 1909, Pt. 2, p. 423. 
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or other wagons, the wagons in the middle of the train are bulged 
outwards, forcing the wheel flanges against the outer rail, the ten- 
dency being to throw the train out of line with the road. He could 
not help thinking that this had something to do with the excess of 
wear on the side of the rails. With a locomotive the whole of the 
tractive force was exerted at the front of the train, and it was being 
pulled in a line which conformed to the road. He went so far as 
to get out a scheme, in collaboration with a friend, to insure that 
here was always a maximum tractive effort obtained on the front 
motor in whichever direction the train was traveling. If a multiple- 
unit system were used, then it seemed to him it was necessary to 
increase the power on the front motor; in other words, the draw- 
bars were kept taut instead of being slack. In that way the crush- 
ing up of the train was avoided. He had often noticed a train stop 
in the station; probably the front coach was on a curve, and the rear 
one was on a comparatively straight road. As soon as the train 
started, the rear motor car would bump the other carriages up, with 
the result that distortion was produced, and the wheels of the coaches 
were forced on to the outer rail. sa 


CHARLEs F.. Scorr said the range of the papers which had been 


read indicated that it was necessary to keep in mind the breadth 
and variety of conditions which had to be dealt with. It might almost 
be said with regard to railway electrification that there were no general 
rules; there were specific cases only. The various elements which 
entered into a consideration of the subject, which were enumerated 
in one of the papers, such as the length of line, the density of tratflic, 
the character of traffic, the gradients and the speeds, were all factors 
which must be considered. The problem must be taken as a whole 
and not in parts. Consequently, generalizations were very apt to 
be quite misleading, if they were based on a specific case. Electricity 
had a way not only of doing the same things that had been done before, 
but often doing them in a better way, and also of introducing new 
methods. That was found to be the case also in industrial applica- 
tions. 

The literature of fifteen or twenty years ago with regard to the 
electric motor was very largely a comparison of the relative power 
required and the relative efficiency of transmission by shafting and 
: belting as against motors. However, when motors had been intro- 

— duced, and had demonstrated their capabilities, it was no longer 
ecomomy of power but accomplishment which became their chief 


| 


DISCUSSION BY C. F. SCOTT « 1009 


merit. The gain in output and in quality which often resulted from 
what may be termed the indirect advantages of electric drive, were 
often the most valuable results. Similarly there are indirect advan- 
tages in railway electrification, some of which had been touched 
upon in various papers. It had been brought out that the increased 
capacity of a railway line at congested points by making unnecessary 
an increase in track facilities might be the great advantage of elec- 
tric traction. 

New possibilities also arose with regard to railway terminals. 
A railway with many tracks meant a great breadth; it meant the 
acquisition of large areas in centers of population where ground was 
extremely expensive. Electrification permitted of double-decking 
or treble-decking in tubes of railways, so that the same number of 
tracks could be built in very much less space than was now em- 
ployed. The tracks might be built over in the form of warehouses, 
which would thus utilize much ground which was now practically 
wasted for other purposes than the actual right of way into the city. 
It had been suggested that in the ideal railway warehouse, cars 
could be raised by elevators and shifted into the upper floors of 
the warehouse, and there directly unloaded without the great cost 
of trucking. He mentioned these as some of the new advantages 
which electrical operation might bring about. The differences in 
terminal methods, tunnel methods and operating methods might 
become very large factors of advantage in railway electrification. 

Reference was made in the papers to the effect of the electric cars 
or locomotives on the tracks. In this connection he called attention 
to Table 24 of Mr. Westinghouse’s paper, which showed a high 
center of gravity due to the elevated position of the electric motor 
in certain locomotives, corresponding to the high center of gravity 
of the steam locomotives. It would be noticed in that table 
that three of the locomotives showed motors which were well above 
the driving axles. In two of them, the third and the last on the 
page, the motor was mounted up in the cab, the driving being by 
connecting rods. While that construction had been used on the 
continent, it was new to America. The locomotives for the Pennsyl- 
varia Railroad shown in the middle column had very large motors 
up in the eab. Those locomotives were, he believed, the largest 
an’ most powerful which had ever been made. The fourth loco- 
Inovive shown, built for the New Haven Railroad, was of interest, 
as ich motor was mounted directly over the axle which i! drove 
by ccaring at each end. The last two types of locomotives shown 
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were made for the New Haven Railroad for a combined passenger 
and freight service. One of them had been in service for severa! 
months; the other was about to be put into service, the railroad 
wanting to have a locomotive which was suitable for both types 
of service on its road. with the expectation of operating freig| 
trains as well as passenger trains. 

A number of the papers had made comparisons between the direct- 
current and the single-phase systems. He did not propose to enter 
into the problem in detail, but he wished to bring out some of the 
general comparisons between the two systems. As had been quite 
properly brought out in the papers, the real difference was that the 
single-phase equipment cost more, and the advantage of the single- 
phase system was in the lesser cost of the line for conveying the cur- 
rent from the power house to the car. The need of careful consider- 
ation of those features, and also of noting carefully the specific 
conditions on the road which was under consideration, would be 
brought out if some of the figures which had been given in the severa! 
papers were examined. The different conclusions which might be 
drawn from a slight change in the conditions or in the assumptions 
was thereby shown. In Mr. Hobart’s paper two elements were 
considered. First, regarding the equipments, Mr. Hobart wi nt 
into many details which had already been mentioned in the 
preceding discussion, and the accuracy of data employed had been 

vigorously criticised. On the other hand, the second element, the 
transmission, which was by some recognized as the large element to 
be considered, and certainly a very important one, received almost 
no consideration at all. Mr. Hobart passed all that over by a state- 
ment of the cost of electricity at the car, the figures being given as 
0.90d. for the direct-current and 0.72d. for the single-phase, the former 
being 25 per cent more than the latter. The whole question of trans- 
mission systems and of power supply was included in that simple 
comparison, in which the direct current was said to involve 25 per 
cent greater cost than the single-phase per unit of power at the car, 
irrespective of the efficiency of the car motors. The losses in 
the direct-current system were greater than in the single-phase sys- 
tem between the power house and thecar. The average all-day and all- 
year efficiency of a sub-station varied through wide ranges dep«nd- 
ing on the kind of service, the relative size of the sub-station, and 
the relation between the capacity and the average output, the |oad 
factor. For general average conditions he believed that an efficicncy 
of some 80 per cent for the sub-station was probably higher ‘!an 
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would ordinarily be obtained, and was certainly much higher than 
is now practically secured on some roads which are in operation. 
Assuming however an efficiency of 80 per cent, it was found that for 
each kilowatt-hour delivered at the car, 1.25 kw-hr. must be gener- 
ated in the power house. Hence, the sub-station loss will increase 
the power consumption over that required for the single-phase 
system by 25 per cent per kw-hr. at the car. ‘That, however, was the 
ratio which Mr. Hobart had taken, allowing nothing for the greater 
first cost of the direct-current sub-station or for the attendance and 
operation of the sub-station. Those elements would evidently 
increase very considerably the cost of direct-current power. In 
Mr. Pomeroy’s paper (Pars. 186 and 187) some figures were quoted 
from a paper by W. J. Wilgus concerning the New York Central Rail- 
road, it being shown in Par. 187 that the total cost of power was 
2.60 cents per kw-hr. Of that amount a trifle over 1 per cent, or 
only 40 per cent, was charged to the power station, and 60 per cent 
to the transmission and sub-stations. Sixty per cent of the cost of 
power at the car was required to get the power from the power house 
to the car. It showed in that system, where the transmission was 
within a radius of some ten miles, that the cost of transmission and 
distribution were very important items compared with the initial cost 
of power. If afair reduction was made, taking the cost of the sub-sta- 
tion part for alternating-current as roughly about a quarter of that for 
_direct-current sub-stations, one could obtain from the table in Par. 
-\S7 a ratio between the cost of direct-current power and the cost 
of alternating-current power which would show the cost of the direct- 
current power to be not 25 per cent greater, but 50 or 60 per cent 
greater than the cost of the single-phase power. If those figures 
Were applied to Mr. Hobart’s paper, there would be quite a material 
change in the results. The cost of power had been passed over rather 
lightly in the paper, although the cost of power was some 60 per cent 
ol the total cost, 40 per cent being made up of various other elements, 
such as rolling stock and the like, on which he laid great stress. If 
the foregoing deductions were correct, there had been an error of 
some 25 per cent in the cost of the direct-current power, which would 
_ materially change the results and cut in half the gain which Mr. 
Hobart had found in favor of the direct-current system, without 
_ taking into consideration the errors which had been pointed out by 
others regarding the motor equipments. In other words, slight 


_diferences in assumptions might make a very considerable difference 
in results. 
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He had not been able to come to any satisfactory conclusion with 
regard to the comparison between the systems made in Mr. Carter's 
paper. Mr. Carter stated (Par. 47), that although both motors arc 
dynamically capable of working the service, the former alone had 
sufficient thermal capacity for the purpose, the other having to dissi- 
pate three times as much energy as it can get rid of by natural cooling. 
That certainly could not be taken as a reasonable statement, because 
it would be evidently impossible to work them if they were generating 
in themselves three times the heat which could be dissipated. In 
American experience motors had been running for some years, but 
they had not yet attained the temperature which the passage he had 
quoted indicated. There might be some slip in the statement, or 
some other condition which he did not understand, because on its 
face the statement was absurd. 

@Some interesting figures were given in Mr. Potter’s paper, but 
he would like to consider the illustration given in the Table 17 for 
interurban electric service from two points of view: first, as to 
the figures given and the assumptions made and, second, as to the 
completed system. He would not go in detail into certain minor 
points, about which he believed there was some ground for discus- 
sion. He noted, for example, that the maximum speed of the single- 
phase cars was to be 55 mi. an hour, and that of the direct-current 
cars 48 mi. an hour. He believed that requirement was excessive 
for the service, and would impose serious restrictions or extra cost 
on the alternating service. He noted also that the electrical mainte- 
nance for the alternating current was given as 1} cents per car-mile. 
That differed greatly on different roads. In considering a new system, 
due consideration ought to be given to what could be done under 
established conditions. ‘Taking, for instance, a single-phase road 
which had operated for a longer time than any other road, which 
now covered 100 miles and was doing a heavy service with large cars, 
the actual electrical maintenance over a period of three years had 
averaged less than 1 cent per car-mile as against 14 cents given 
in the paper, or 50 per cent more. A correction had been made of 4 
misprint in the cost of the single-phase cars, reducing that figure 
something over $50,000. He would not argue as to the cost per car, 
though he regarded it as too high, but another reduction should cer- 
tainly be made in the total cost of the car equipments. The road was 
one which required six cars in service at one time. How many c:rs 
should a road purchase in order to maintain six cars in service? 
That was a question of judgment and of experience on which there 
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might be various opinions. He thought, however, all would agree 
on one thing, namely, that the figures given in the paper were exces- 
sive. Of the direct-current cars fifteen were provided in order that 
the six cars which were required for simultaneous working: under 
the schedule might operate. For the single-phase cars the require- 
ment was that for every one in service two should be idle as reserve, 
making a total of eighteen. From experience and also on general 
principles, he believed both the total number and the difference were 
too great. If, therefore, the number of cars was reduced to, say, 
ten cars of each kind, the excess cost of the single-phase cars would 
be brought down very much; and this reduction in the largest item 
in the final summary would make the total first cost of the single- 
phase system less than that of the direct-current. Without analyzing 
closely or giving comparative figures in detail, the point he wished to 
make was that by slight differences in assumptions and changing 
assumptions which were apparently not well founded, very radical 
differences could be made in the final results. Without discussing 
further the details of the comparison, or calling attention to other 
minor matters, he wished to point out the facts connected with the 
two roads as a whole. It appeared from Tables 19, 20 and 21 
that the feeder requirements were for the 1200-volt direct-current 
road that the line should be sufficient for starting one car and running 
one car as the momentary maximum demand between stations. As 
the stations in that case were 28 miles apart, and as the conditions 
were substantially the same over a considerable distance near the 
center, there was therefore a distance of 10 to 14 miles over which the 
limit was the starting of one car and the running of one car.  Liter- 
ally, therefore, two cars could not start without exceeding the special 
maximum momentary demand between the sub-stations. The alter- 
nating current was about on the same basis; two cars might start, 
but the sub-stations were farther apart. What did that mean? 
It meant a line which could run on regular schedule with cars one 
hour apart. It seemed to preclude the operation of trailers, or at 
least the operation of two-car trains and certainly of three-car trains; 
it would presumably prevent the making up of time if one car got 
behind time. If one car got out of its regular place on the road, the 
sy-'cm could not operate properly. If three cars were to get on to 
the aiddle of a section, it would overload it, and the greater the over- 
lou) the lower the voltage, and the slower the cars would run. In 
suc a case as the visit of The Institution of Mechanical Engineers, 
insicad of starting up a train of two, three, or four cars, they would 
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have to wait for one-hour intervals before different sections of the 
party could travel. How could that be remedied? It couid be 
remedied by increasing the other element, the line element. What 
would that cost? The capacity of the single-phase line would be 
doubled by doubling the number of sub-stations as against doubling 
the sub-stations on the direct-current line, but in one case the sul- 
stations cost only $20,000 and in the other case $106,000; one had 
an annual maintenance of $600 and the other of $3200. Conse- 
quently, if the line had to be increased in the alternating-current 
system, that could be done at a very little cost, but in the direct- 
current system at a very considerable cost. In the assumed typical 
interurban service, therefore, he wished to point out that an 
apparently excessive amount has been put in for the rolling stock, 
whereas the line requirements had been put in at a minimum, and 
were only able to operate 33 or 40 per cent of the cars provided and 
had no provision for handling other than the regular heavy service. 
He wished, in conclusion, to say a few words as to the present condi- 
tion of single-phase work. The line to which he referred as being 
the oldest single-phase line was operating in Indiana, a State which 
was permeated with electric railways, most of which were direct- 
current. In an official report which was made not long since, a com- 
parison was given in which it was shown that the operating cost per 
car-mile of that single-phase road, which was operating at the highest 
schedule speed of any interurban road in the world, was less than that 
of any other road intheState operating interurban service of the same 
general character and radiating from the same city. The New York, 
New Haven & Hartford Railroad, which was, in America at least, 
the only distinctively railway trunk-line service which was operated 
electrically, employed the single-phase system. Everything clse 
was put in for terminal, tunnel or special conditions; but in the case 
to which he referred, it was a purely trunk-line service. Therefore 
the only real trunk-line electrification was on the single-phase <ys- 
tem, and, so far as he knew, the only steam railway company w) ich 
was now proposing extension and was actively working forwari to 
it was the New Haven company, which was purchasing new loco!10- 
— to determine a type adapted for passenger and freight ser\ ice, 
and was designing its overhead structure for an extension 0! its 
single-phase system. 


H. M. Hosart said he desired to make a few remarks on \Ir. 
Potter’s paper. The data in the paper were at many points \b- 
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stantially in agreement with his own results, but such divergencies 
as existed were in the direction of making out slightly too good a 
case for the continuous electricity system and too severely represent- 
ing the weak points of the single-phase system. Nevertheless there 
remained a slight balance against the single-phase system for such a 
case as this road, and he was satisfied that by modifying Mr. Potter’s 
figures by the substitution of data which he considered more correct, 
the result would be that it would be more economical to employ the 
single-phase system in this case than to employ the continuous elec- 
tricity system, taking for both systems the costs and properties corre- 
sponding to their present development. Translating Mr. Potter’s 
2000-lb. tons into 2240-lb. tons and his costs from dollars into pounds 
sterling, Mr. Potter’s single-phase car of Table 17 worked out 
at a cost of £89 per ton as against only £64 per ton for his 600-volt 
continuous electricity car. Now, for so very moderate a service as 
33 miles per hour and one stop every 3 miles, the weight of the elec- 
trical equipment was, even employing single-phase apparatus, but a 
very small percentage of the weight of the car, and could not affect 
the total price of the car to nearly so great an extent as in severe 
service, where the weight of the electrical equipment was a large 
percentage of the weight of the car. Thus it was not reasonable to 
assign to the single-phase car a 39 per cent higher cost per ton, as 
had been done by Mr. Potter. From Table 9 of Mr. Hobart’s own 
paper, he had taken out the costs per ton and had compared them 
with Mr. Potter’s values. These were given in Table 31. 


TABLE 31 COMPARISON OF HOBART AND POTTER VALUES 


Distance Cost per Ton 
Schedule between Percentage 
Pstimator Speed in Stops in A B by which B 
mi. per hr. Miles Continuous = Single-Phase Exceeds A 
; Train, £ Train, £ 


l4 


\ccording to Mr. Hobart’s own data, Mr.Potter’s single-phase car 
-» sald have cost only some 12 per cent more per ton than his con- 
‘::10us electricity car. A study of the figures in the Table 31 
' caled uniformity in the values for the three continuous electricity 
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ears (£81, £73, and £64 per ton) for the three services, and if Mr. 
Potter’s value for the single-phase car were reduced to some £72 per ton. 
it would be much more reasonable. If, however, as may be inferred 
from condition g (Par. 126), namely, that the car is to operate on exist- 
ing 600-volt city tracks, Mr. Potter’s single-phase car was provided 
with equipment permitting it also to operate over 600-volt continuous 
electricity lines in towns through which the route passed, this would 
obviously bring up the weight and cost. But it was not equitable 
to the single-phase system, when working out a comparison of this 
sort. to make it bear this extra cost. Mr. Hobart was of opinion 
that after debiting the single-phase car with such a great first cost, 
Mr. Potter was decidedly wrong in giving it a life of only 12 years 
as against the life of 15 years assigned to the car equipped with con- 
tinuous electricity apparatus. In view of these points Mr. Hobart 
considered that, leaving out the possibility of operating the single- 
phase car over city tracks equipped for 600-volt continuous electricity, 
Mr. Potter’s figures should be modified so that in Table 17 of Mr. 
Potter’s paper the cost of the single-phase car should stand at 
$14,000, instead of at $17,000, and that Table 21 should be modified 
to correspond to a life of 15 years in place of 12 years, for the single- 
phase rolling stock. With these high figures for cost, the single- 
phase car ought to be as reliable as the continuous electricity car, 
and only 15 single-phase cars should be required. Consequently 
the capital cost of the single-phase cars would aggregate 15 & $14,000 
= $210,000, instead of the $306,000 in Table 21. <A careful revision 
of the data would be found to reverse the results, and they would 
then substantiate Mr. Hobart’s contention that the single-phase 
system was more appropriate for the road in question than was 
the 600-volt continuous electricity system, and that for such a case 
there was little to choose between the single-phase system and thie 
1200-volt continuous electricity system. 

From Table 22 it could be shown that the costs which were taken 
into account by Mr. Potter came to a matter of some 8d. per car-mile, 
irrespective of system. For such a system a further 8d. per car-mile 
would have to be spent for costs other than those entering into \\r. 
Potter’s calculations. Thus, the total costs if worked electrics!!y 
would probably be of the order of 16d. per car-mile, and would 
certainly be greater than 14d. per car-mile, at any rate for such con- 
ditions as obtain in England. On urban and suburban railway: in 
this country it was considered decidedly satisfactory when a ros) = 
gross takings amount to two-tenths of a penny per seat-mile.  \\r. 
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Potter’s cars provided 60 seats, and on the basis of 0.20d. per seat- 
mile, the gross takings work out at only 12d. per car-mile. Thus, 
under such conditions as applied in England, such an electric road 
could only be run at a considerable loss. Such a road was an excellent 
instance of a case where the use of electricity would be a mistake, 
and where steam was distinctly more appropriate. From the stand- 
point of the single-phase system, the irony of the situation consisted 
in this, that wherever a case arose where the single-phase system was 
more appropriate than the continuous electricity system, steam 
would usually be found to be superior to any electrical system. 

Mr. Hobart found that Mr. Potter’s energy consumption (Table 
17) worked out at 90 watt-hour per (2240 lb.) ton-mile for the 
continuous electricity car and at 98 watt-hr. per (2240 |b.) ton- 
mile for the single-phase car. Only about half this energy consump- 
tion should suffice forthe conditions of test runs over a good, straight, 
level track at a schedule speed of 33 mi. per hr., and with a stop 
every 3 miles. It would be of interest to hear from Mr. Potter whether 
in America the exigencies of everyday service involved a margin of 
practically 100 per cent or whether any considerable portion of the 
difference was to be ascribed to the condition of the track—lighter 
rail, or prevalence of grades and curves or snow and wind. If the 
values given for the consumption at the car included any considerable 
amounts employed for heating the car, as was customary on many 
roads of this character in America, it would be of interest if Mr. 
Potter would split up the input into that required for traction 
and that required for heating, as the former consumption alone 
would occur in the motor equipment. At so low a schedule speed as 
33 mi. per hr., with such considerable distances between stops, it 
would appear that Mr. Potter’s high value for the consumption per 
ton-mile could hardly be ascribed to excess air friction due to single- 

r operation. In Table 32 were given the items in the last column 

Mr. Potter’s Tables 21 and 22 side by side with Mr. Hobart’s 

‘sion of his data. 

‘n the last column of Table 32, Mr. Hobart took Mr. Potter’s 
es.mates and modified them in those respects in which some funda- 
‘liital misconception interfered in his opinion with their appropriate- 
ns. It was to be noted that the first cost of the single-phase system 
w according to Mr. Hobart’s revision of Mr. Potter’s estimate, 
2) or cent less than the first cost of the 600-volt continuous electricity 

em and 11 per cent less than the first cost of the 1200-volt contin- 
electricity system. 


> 
+ 


1018 RAILWAY ELECTRIFICATION _ 


as at present contemplated, a considerably lower first cost would, in 
practice, constitute a great advantage, even though the total annual 
cost were a trifle higher in consequence. _ “el 


TABLE 32 SUMMARY OF COSTS, 6000-VOLT SINGLE-PHASE SYSTEM 


Potter Hobart 


| 


Transmission $ 84,400 $ 84,000 
Sub-stations 20,000 20,000 
Bonding 40,000 40,000 

360,000 210,000 


Total $640,000 $544,000 


sive \| 


DEPRECIATION 
Transmission Fennniewe $ 2,500 $ 2,500 
Sub-stations 600 600 
Secondary distribution 8,800 8,800 
Bonding 3,200 3,200 
Cars 22,600 9,700 


Annual Fixed Charges 


Total deprectation $37,700 24,800 


INTEREST AND TAXES 
Interest 5 per cent, taxes 1.5 per cent of cost of electrical 
material... 45,000 35,300 
INSURANCE 
1.5 per cent of sub-station and car costs 5,700 3,500 


Total fixed charges $88,400 53,600 


Transmission $ 3,500 $ 3,500 

Sub-stations 3 500 500 

10,000 10,900 

Power at 1 cent per kw-hr... 49,000 49,000 
Additional cost maintenance of track and roadway, 
shops and supervision due to heavier cars and more 

expert supervision required for the single-phase 10,900 4,000 


Annual Operation and 
Maintenance 


$104,000 $91,000 


1 First cost ae $694,000 $544,000 
2 Fixed charges 88,400 63,600 
3 Operation and maintenance 104,000 91,000 


Summary 


4 Anrual cost (Item 2 + Item 3)....................... $192,400 $154,600 


It was a pity that so great a difficulty was associated with 
tinguishing between cases. The single-phase system was, as he 
undertaken to explain in his own paper, distinctly inferior to 
continuous electricity system for a schedule speed of 22 mi. per 
one stop every 0.88 mile and a service of one train every 10 « 

a 


a 
he 
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minutes. On the other hand, for a schedule speed of 33 mi. per hr., 
one stop every 3 miles and only one train per hour, the single-phase 
was as good as or even superior to the continuous electricity system, 
and the steam locomotive was superior to either system. Where 
there was any considerable superiority as regards economy, of one 
electrical system over another, as applied to a particular section of 
railway, then it would usually be impracticable to make the sacrifice 
entailed in employing for that section an electrical system which, 
while much more appropriate for other sections of the railway, was 
inferior for the section in question. But how did the case actually 
stand as between the two leading electrical systems—the continuous 
electricity system and the single-phase system? For dense urban 
_and suburban traffic, fairly general agreement was gradually becom- 
ing more apparent to the effect that electricity excelled steam, and 
furthermore to the effect that the continuous electricity system had 
decidedly greater earning capacity than had the single-phase system. 
lor a much less dense traffic such as the case worked out by Mr. 
Potter, where electrification was, at the best, a doubtfully sound 
project, if it were nevertheless for any reason considered, one found 
that, although the single-phase system was according to his revision 
of Mr. Potter’s calculations the most appropriate, it was so closely 
pressed by the continuous electricity system that there would be no 
serious sacrifice involved in employing the latter system in the 
event that it should be decided to employ electricity instead of 
steam. Thus one must conclude that the single-phase system 
was by no means suitable as a universal system of railway elec- 
trification, but that the continuous-electricity system had much 
-reater claims to be thus designated, since it was distinctly more 
economical than the single-phase system when employed for dense 
urban and suburban sections of a railway, and was only very slightly 
.-ss economical than the single-phase system for a road characterized © 

, a very sparse traffic with infrequent stops and relatively low speed, 
ich as one car per hour, one stop every 3 miles, and a speed of only 

> mi. per hr. If, therefore, the advantages of uniformity should 
the long run be found sufficient to justify employing other than 

« most appropriate system on each section of a railway or for each 

iss of traffic, then there was, in his opinion, which has been formed 

- the result of careful analyses of the present situation, every reason 
look to the ultimate adoption of the continuous electricity system. 
.t whenever it was required to consider asection of railway by itself, 
on for the conditions of such a 100-mile line as that studied by Mr. 
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Potter, no economy would, in his opinion, be sacrificed by the employ- 
ment of the single-phase system instead of the continuous electricity 


system. 


ANnaus Sinciair! wished to make a few remarks about that phase 
of the discussion which related to extending electrical operation to 
freight service. Mr. Westinghouse seemed to think that that would 
gradually be done, but so far as his (Dr. Sinclair’s) experience had 
gone with railway work, he did not think there was the least indica- 
tion that such a time was coming. When a man had sympathies 
in any direction, he was very liable to allow a great many things to 
sustain those sympathies which had very little bearing upon them. 
In connection with that, he always thought of the rapid effect of 
changes that had been made on some railways in America in freight 
service. The hauling of freight trains went on very steadily, with 
fairly economical loads, up to a certain period, when some railroad 
managers found that by using enormously heavy locomotives a slight 
reduction in the cost of haulage could be effected. They happened 
to be in a good position to ‘make the change, and they carried it out 
without apparent loss, but without particular gain. There were 
others who were moved by the arguments they heard aboutthe reduc- 
tion of the expense of haulage, who went into the business in the same 
way and brought their railroads practically into bankruptcy. They 
said they would get similar locomotives with very high hauling 
capacity, and orders were given for them, without due consideration 
being paid to the changes required when heavy locomotives were 
introduced. It was found immediately the engines were put in service 
that the track and the bridges were too light, and the railway companies 
therefore had to improve the track and change the bridges; in fact, 
they had to go to enormous expense withregard to the arrangement 
of the very heavy train service, with the result that instead of there 
being a reduction of expenses for doing the work, a great mass o! 
debt was piled up which sent the railway companies into the hands 
of the receivers. It was necessary to consider such questions when 
an enormous change such as adopting electric motors instead of stean: 
locomotives was under consideration; and he thought the lesson 
that railway managers in the United States had learned from the 
rapid change of power were liable to influence those who receiv«:! 


the suggestion that electric motors should take the place of stea:. 


locomotives. 
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Another point to be borne in mind in connection with freight haul- 
age in the United States was that there were great differences in the 
various localities. There would frequently be a range of 1000 miles 
very sparsely inhabited, where there was little freight at one time 
and enormous quantities at others, the road then being pushed to its 
greatest capacity at times and nothing to haul at other times. The 
conditions for the country as a whole were not suitable. It was 
entirely a different question from that of operating suburban business 
with electrical traction, where there was a certain amount of close 
contact with the work to be done. He believed that concentration 
of traffic was necessary to make electric operation of railways a pay- 
ing improvement. He thought from what he had seen of railway 
operating in the United States and on the Am rican continent that 
the chance of electric traction for freight was very slight indeed. 


J. G. Witson! desired to consider one point in Mr. Westinghouse’s 
interesting paper which he thought was the keynote of that gentle- 
man’s contribution. The author advocated the adoption of one 
system of electric traction to the exclusion of all others, and the 
standardization of its details. He wished to consider that proposi- 
tion from a railway company’s point of view owning steam roads 
which were susceptible of profitable conversion to electric traction, 
but which had not yet been converted. Three facts had been estab- 
lished so far from the actual results of electric traction: first, on subur- 
ban roads with heavy and moderately heavy traffic, conversion to 
electric traction was capable of effecting a considerable reduction in 
working costs, even taking into consideration the extra capital which 
had to be expended. Secondly, the adoption of electric traction on 
suburban roads gave really the only effective and satisfactory means 
of competing with other methods of suburban transit. Thirdly, 
there were interurban routes, and possibly also, with all respect to 
Mr. Sinclair, there might be areas of exceptionally heavy freight 

_tmovement where the adoption of electric traction might offer advan- 
tages, which the improvements in the details of electric equipment 
continually tended to increase. The actual progress of conversion 
-o! steam roads to electric traction was not commensurate with those 
‘acts. It was no doubt natural that that should be so, and he took 
that among the many reasons for it, one was the fact that there 
vere at any rate two proved methods of making the conversion, sup- 


New England. 
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ported by such eminent authorities as Mr. Westinghouse and many 
others. The fact that there were two such methods could not but 
perplex the railway man himself. Mr. Westinghouse advocated, as 
a method of removing that bar to progress, the adoption of on¢ 
system of electric traction and the exclusion of the consideration of 
others. He wished to be understood as being in entire agreement 
with Mr. Westinghouse so far, that if such a thing were practicable, 
it would have many desirable results; but he could not escape fron 
the present conclusion that such a course would be impracticable, 
and if impracticable it was not absolutely necessary; and, further 
it was not economically sound. In order to test its practicability, 
he wished to take an illustration from this country of two railways, 
for example, the Great Eastern and Great Northern. The Great 
Eastern had certainly the heaviest and most important suburban 
traffic in the United Kingdom. The Great Northern Railway, on 
the other hand, its near neighbor, had a relatively small suburban 
traffic but an important mineral center, where the consideration of 
electric traction might come up in the future. It could be shown 
that the cheapest method of dealing with the suburban problem on 
the Great Eastern Railway was the adoption of the direct-current 
system; but to anyone considering the problem of the Great Northern 
Railway’s mineral traffic, it would be impossible not to take into 
consideration the claims of the single-phase system. If one of those 
railways, for the sake of interchange of traffic with the other, was 
going to give way to the other, which was it to be, and what induce- 
ment could be held out to the railway company which lost an imme- 
diate advantage inthe matter? With regard tothe question of whether 
such a selection of system was necessary, he did not think it could 
be too emphatically insisted upon, for the sake of the railway com- 

_ panies, that whereas one system could not be adopted for all cases, 
yet in any individual case the cheapest and the best system could 

_ be adopted with a great degree of certainty. # 

_ Lastly, he did not think that to delay the conversion to electric 
traction for the sake of arriving at uniformity was commercially 
sound, because the advantages to be gained were remote and pro!)le- 
matical, and the advantages which in the meantime were being 
foregone were real, and too large to enable the railway company to 


afford to lose them. 
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F. R. Hurron' said he desired to refer to the feature of the discussion 
which had been brought out by Mr. Sinclair and one or two other 
speakers. Dr. Goss was known to a great many, if not to all of those 
present, as one who had had the opportunity, in the location of his 
university, to make very elaborate and complete studies of the prob- 
lem of the steam locomotive, and engineers owed to him an immense 
area of suggestion for its improvement. Mr. Sinclair had said in refer- 
ence to Par. 212 of Mr. Westinghouse’s paper that the latter very 
plainly desired to complete the electrification of all railways. That 
desire perhaps had overmastered Mr. Westinghouse’s recognition 
of what another speaker had characterized as the broadness of the 
subject. Conditions of a very special sort presented themselves 
in the United States, or in any country of large extent as over the great 
stretches of prairies, where on some of the railway lines a single 
tangent was long enough to see the curvature of the earth on it. The 
conditions respecting the transmission of electric power over those 
great areas, where there were no terminal problems to be met, and no 
centers of distribution at short intervals, but where long, unbroken 
freight trains ran over thousands of miles, were so different from 
those where electrification had so far been completcd that it 
was a little premature to say, with the great emphasis laid upon 
transmission loss, that those conditions were such that the electrifi- 
cation of railways was a pressing problem there, or that propulsion 
by transmitted energy was worth present consideration. There was 
‘no question that it was of great importance where there were a num- 
ber of cities close together, strung like beads upon a string; but the con- 
ditions of those long, unbroken tangents were quite different from 
those in Great Britain or any other thickly peopled country and else- 
where where the distances were short. Hethought also it was only fair 
that those who now favored the electrification of branch lines under 
the conditions which belonged to those long straight tangents should 
ie very earnestly commended to examine the advantages belonging 
to the introduction of the motor-driven car, in the sense of an internal 
ombustion motor, for branch line service. Here there were practi- 
ily no losses in transmission, no matter how long the distances 
m the power station. This has seemed to many to be a solution 
rv that class of traffic, passenger and freight, which for many years 
have most earnestly commended. Furthermore, on many square 
cles of western parts of the United States, there was no head of 
‘ 
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water available for power, and the cost of fuel for isolated power sta- 
tions driven by steam would begin to offset some of the advantages 
of the electric system. The steam locomotive was not yet doomed 
any means. 


_ F.W. Carrer, in reply, said that Mr. Dalziel, referring to the ques- 
tion of the efficiency given in his (Mr. Carter’s) Figs. 5 and 6, said 
that he had obtained an efficiency of 933 per cent. He did not know 
where Mr. Dalziel obtained that figure, but if he was considering the 
efficiency of the motors exclusive of the gears and loss of friction, 
he thought the figure was probably about correct, and there was 
nothing remarkable in it. The average of the running range at full 
voltage was, he thought, probably 94 per cent. Mr. Dalziel sug- 
gested that he could have improved the showing of the single-phase 
motor if he had chosen different motors, so as to get the same free 
running speed in Fig. 5 for the two motors. He did not think the 
free running speed was a matter of any particular importance in 
short runs, because that speed was never reached. The reason that 
particular gear was chosen was in order to obtain the same margin 
in the schedule as with the two motors. If reference were made to 
Fig. 5 it would be seen that the running curves were continued by 
dotted curves, and came up to a certain braking curve, which included 
the same area. as the main curve, that is, the distance run was exactly 
the same, and for the two motors the distance was run in the same 
direction, about 110 or 111 seconds without any coasting. That 
feature settled the gear, and not the free running speed, which was 
of no particular importance. It was the margin in hand for making 
up lost time which had been chosen as the same in the two systems. 

Mr. Scott had made some comments on the statement in 
Par. 47 that although both motors are dynamically capable of 
working the service, the former alone had sufficient thermal capa- 
city for the purpose, the other having to dissipate three times 
as much energy as it can get rid of by natural cooling. It was not 
suggested in that discussion of a comparison of the motors that that 
particular single-phase motor would be used for that service. A\|! 
he wished to point out was that the single-phase motor was apparent} 
dynamically suitable for the service, but it was not one that coul: 
be used unless sufficient forced draft were obtained to carry of! 
the extra heating. As a matter of fact, the continuous-current motor 
was running at about the limit of its thermal capacity with natur:’ 
cooling. That was the explanation of Mr. Scott’s difficulty; it wasn’ 
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suggested that motors should be run, one having three times as much 
loss as the other. 


H. H. Barnes, JR.,' in replying to the discussion on behalf of Mr. 
Potter, said he would limit his remarks to the criticism which had 
been made of the tables relating to interurban electric service (Tables 
17-22). It had been stated that the number of cars chosen for the 
three classes of equipment was excessive. In the footnote to 

Table 17, figures taken from present practice on the other side were 

given, and it was with these in mind that the corresponding figures 
inthe tables had been selected. For the sake of argument, however, 
he would admit that the assumptions were wrong. In order to 
illustrate the effect of a radical change, he had hurriedly checked 
over the figures on the basis of there being only half the number of 
cars shown. If this were actually the case, it would lead to condi- 
tions under which the road could not be operated. Nevertheless, 
on that basis he found that the difference in the annual cost, con- 
sisting in the fixed operation and maintenance charges, instead 
of being $32,000 would still be approximately $21,000 in favor 
of 1200 volts, as compared with an alternating-current system. 
‘While it was true that a reduction in the number of cars meant a more 
rapid decrease in cost for the alternating than for the direct-current 
equipments, the fact remained that even a reduction of one-half 
in the number of cars would enable the alternating-current system 
to catch up by $11,000 only. The remaining balance of $21,000 in 
favor of 1200 volts would still represent about 14 per cent of the 
estimated total annual cost of running the road. 
Going to the question of the inadequacy of the feeder-copper and 
of the sub-station equipment, with the above-mentioned $21,000 
one could buy, if capitalized, a large additional amount of feeder- 
copper, and materially increase the kilowatt capacity of the sub- 
stations as well. There were a number of items of sub-station and 
feeder cost which would not be affected by such a change; one had 
only to care for the purchase and maintenance of the items directly 
involved, such as rotary converters and copper conductors. It was, 
therefore, evident there was margin to make a favorable showing for 
1200 volts, even with marked changes in the underlying assumptions. 
In regard to one further point, the figures for maintenance used 
ior the alternating-current equipments had been spoken of as high. 
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He believed, however, they were not unreasonable. As contribut- 
ing towards the increased cost of maintenance, such features as brush 
maintenance might be mentioned. Their experience on interurban 
work indicated for a given equipment a ratio of about 100 to 1 in 
favor of 1200 volts. Furthermore, he believed he was correct in saying 


that the actual number of men employed for comparable service on 
interurban roads in the United States was as great for alternating- 
current as for 1200 volts, notwithstanding the attendance required | 
in the direct-current sub-stations. The men saved in the sub-stations 
were needed in the car barns of the alternating-current lines. While 
this was not a particularly important point, it confirmed the tendency 
towards increased cost of maintenance of alternating-current equip- 
ments. 

In conclusion, he wished to point out that while the discussion 
had to a great extent dealt with the relative merits of the alternating 
and direct-current systems, Mr. Potter’s paper appeared to him to 
be of special value in having emphasized the merits throughout a 
wide field of the 1200-volt system as compared not only with alter- 
nating-current systems but with the 600-volt direct-current system 
as well. 


W. F. M. Goss! desired to remind the meeting, before the Presi- 
dent of The Institution of Mechanical Engineers resumed the chair, that 
Mr. Aspinall had been one of the important factors in England in 
promoting the introduction of electrical transmission in this country, 
and he was sure all present would be glad if Mr. Aspinall would 
make a contribution to the discussion. 


Joun A. F. AspINALL said that the passage of the members of The 
American Society of Mechanical Engineers through Liverpool was 
so rapid that they did not even get a glimpse of the Liverpool « 
Southport Railway. If those gentlemen had an opportunity before 
leaving this country of visiting that line, which was the earliest main 
line in England to be electrified, they would be given every possil)\« 
facility for seeing its operation and the nature of the repairs that had 
to be carried out, in order that they might be able to compare ele:- 
tric railway work in this country with that of America. 

The diagram given in Mr. Westinghouse’s paper, which illustrated 
the new electric locomotive that was constructed for the haulage o! 


Vice-President Am. Soc. M.E. 2 


q 


—— —_ 


_ DISCUSSION BY J. A. F. ASPINALL 
‘ 


the heavier electric trains, was of great interest. It was very soon 
realized on the Lancashire & Yorkshire Railway that if heavy 
electric trains were to be hauled, and the cost of repairs of the motors 
was to be kept down, it was absolutely essential to revert, to a very 
great extent, to locomotive practice, so far as large bearing surfaces, 
large journals and things of that kind, which locomotive experience 
had shown to be necessary in any hauling machines, were concerned. 
That practice, which was now being established in the United States, 
overcame the difficulty which he had previously pointed out in that 
very room, of the center of gravity of the motor trucks in the multiple- 
unit trains being so low that the weight was not spring-borne, and 
hence the wear and tear of the rails became excessive. 

Going back for a moment to the Liverpool & Southport line, 
he wished to say that the experience of four or five years’ running 
of that line, with a very large number of ton-miles, had continued to 
show that the system in operation was perfectly satisfactory. No 
trouble was experienced with the cars, nor with the third rail, the 
generating station, or the sub-stations. The only thing which, 
looked at from a commercial point of view, required correction was 
the wear and tear of the motor machinery. One of the speakers in 
the discussion had touched upon the question of the great diversity 
of opinion between experts and electrical engineers. He did not 
venture to decide between two such great authorities; he could only 
say, as the general manager of one of the English railways, that no 
general manager could afford for one moment to close his mind to 
the advantages of the possible utilization of either one system or the 
other, whichever might prove to be commercially right. The utiliza- 
tion of the rolling stock to its greatest possible capacity was one of 
those items to which much greater attention must be paid than 
to almost anything else. He was pleased, therefore, to see in Mr. 
?omeroy’s paper (Fig. 17) the diagram marked ABCD, which illus- 
irated in a very clear and distinct manner what a very small propor- 
ton of thetime of a locomotive, whether steam or electric, was occu- 
, ed in doing useful commercial work. The diagram showed that 22 per 
cont of the time was occupied with repairs in the shops and mainte- 
nance, and he supposed, reconstruction; only 28 per cent of the time 
was commercially used; and, as was stated in Par. 167 of the paper, 
‘he balance, 50 per cent, represented the time at terminal yards and 
sje tracks and awaiting orders, when the locomotive was under 
sicam, with crew, and ready to go. There was more money to be 
‘ade in the elimination of that 50 per cent out of the little diagram 
than from any of the variations of system which had been described. 
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He agreed with the speaker who deplored the diversity of view 
of the expert electricians as to the system to be adopted. This con- 
troversy had undoubtedly retarded the advance of electrical railway 
work. Although he was merely repeating what he had said before 
in this hall, as the electrical engineers were practically unanimous 
that the direct-current was most suitable for suburban work, and the 
single-phase for long-distance work, he could not see why both should 
not be used by the same company. A railway company having a 
large terminus in a great city, with a considerable suburban traffic 
as well as a long-distance main-line traffic, could have one common 
generating station for both systems. The superintendence, the 
staff, the building, the boilers, would be common to both; the generat- 
ing machinery alone need be different. There was no reason why the 
third-rail conductor for the continuous-current system and the over- 
head equipment for the single-phase should not run into the same 
terminal. The multiple-unit, motor-driven trains would be used for 
local traffic, the main-line trains hauled by electrical locomotives. 
As soon as long-distance electric traction became a commercial propo- 
sition, the practical means of doing the work were at hand. There 
would be no more difficulty in hooking on an electrical locomotive 
built to suit either kind of service, than there was today with a steam 
locomotive. 


Cary T. Hurcuinson' wrote that Mr. Carter’s paper entitled 
Electrification of Suburban Railways was of peculiar interest to him, 
inasmuch as the author therein announced his discovery of the 
importance of a quantity called by him specific acceleration, to which 
he (Mr. Hutchinson) devoted much time and thought in 1902-1903. 
He supposed that he had then written enough so that any engineer 
working in the same field would at least have referred to his paper; 
but not so Mr. Carter, who, on the contrary, implied that he (Mr. 
Carter) had discovered the value of the quantity in his earlier work; Mr. 
Carter referred to his own paper in the Transactions of the American 
Institute of Electrical Engineers, Vol. 22, p. 133 (erroneously given 
by him as Vol. 20, p. 991) and to his second paper in the Journal of 
the Institution of Electrical Engineers, Vol. 36, p. 240, in these words 
(Par. 41): “The above is an application of a method which the author 
has more fully elaborated elsewhere.”” In the first paper referred to, 
published in June 1903, there was not the remotest reference, expresse! 
or implied, to this quantity; no reader of it would ever imagine that 
such a quantity entered into the question. In the British pap r, 
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January 1906, there was a variable expressed as speed multiplied by 
the square root of stops per mile; this was not at all the quantity 


in question, as it was a velocity, not an acceleration, and moreover, 
whatever it was worth, was due to the engineer of the General 
Electric Company, and not to Mr. Carter. 


Neither of Mr. Carter’s references had the slightest bearing on the 


subject. Mr. Carter defined the quantity as follows (Par. 39): “Tt 
will be seen that the acceleration referred to above, which will be 
called the specific acceleration. of the schedule, is the same for the two 
curves, being the square of the mean running speed divided by twice 
the distance.” This was identical, save for the factor 2, with the 
quantity that he (Mr. Hutchinson) introduced under the name 
“through acceleration’’ in his paper, The Relation of Energy and 
Motor Capacity to Schedule Speed in the Moving of Trains by Elec- 
tricity, published in the Transactions of the American Institute of 
Electrical Engineers, 1902, Vol. 19, p. 129. The quantity was defined 
and named on p. 132-133. He elaborated the matter in a second 
paper, The Conditions Governing the Rise of Temperature in Electric 
Railway Motors in Service, in the Transactions of the American 
Institute of Electrical Engineers, Vol. 22, p. 657, 1903, the same 
volume that Mr. Carter’s American paper was published in. 


Mr. Carter had not grasped in full the relation of this through 


acceleration to the other factors in the problem, and he made several 
misstatements. But it was at present the writer’s purpose merely 
to call attention to this curious rebirth of his through acceleration, 
and to the recognition, though tardy, of its importance. It was 
roundly condemned at its first birth. 


Puttrep Dawson! wrote that Mr. Hobart assumed that the cost of 


the distributing system was the same in the single-phase and con- 
tinuous current. This was quite inadmissible, and both Mr. Potter 


© 


ud Mr. Westinghouse, in their contributions to this subject, clearly 


gts 


ited that the single-phase had the great advantage in having the 
‘aper distributing system. Mr. Hobart assumed that the output 


r the alternating-current motor equipment was only 6 h.p. per 


.in the cost of the Brighton equipments, for which he (Mr. Dawson) 
s responsible. This was incorrect, first, because the weight of 
electrical equipment was 36 tons and not 44 tons. Secondly, 6 


tors were quite sufficient to run the schedule time with ease, and 


4 matter of fact had often done so. In any case it appeared to 
1 that Mr. Hobart’s method of reasoning was incorrect and really 
ved nothing. 


'. I. Mech. E., St. Stephen’s House, Victoria Embankment, Westminister, 


England. 
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Mr. Hobart also assumed the cost per ton of equipment; all those 


who had to purchase electrical apparatus knew how erroneous such 
assumptions were. Mr. Hobart further stated that the cost of 
electricity delivered to the railway was 0.7d. per B.t.u.; this was a 
great deal too high, and, as a matter of fact, the line with which he 
(Mr. Dawson) was connected would very soon reach a point at which 
electricity would cost only $d. per unit on their railway at the periodicity 
and the pressure at which they used it. Mr. Hobart, in his figures of 
cost of electrical energy per train-mile assumed that the electricity 
would cost them from 10d. to 15d. per train-mile; on the basis of the 
energy consumption which now existed and at $d. per unit, this 
figure for their service amounted to only 4.83d. per train-mile. In 
this connection it must also be borne in mind that the South London 
line was a very bad line for running. It was full of short-radii curves, 
and there was a rising gradient in each direction out of each station 
with the exception of the termini. Out of Victoria Station there was 
a gradient of 1 in 64 for a very considerable distance, and owing to 
the congested nature of the traffic practically every train was stopped 
once or twice by signal on entering both London Bridge and Victoria. 
Although he had had no time to check Mr. Hobart’s calculations, 
he believed there would be no difficulty in carrying out, under the 
Southport conditions of distance between stations, gradients, and 
curvature, the services there running at the present moment with 
the Brighton equipments. 

He was entirely unable to understand Mr. Hobart’s assumptions 
for charges for rolling stock, or his statement that the cost for elec- 
tricity, plus individual charges, was 3d. higher for single-phase than 
for continuous current. He did not wish it to be thought that he was 
in any way criticising the continuous current, which gave such 
excellent results, and he thought it was a pity that at this stage an 
attempt to decrease the great advantages possessed by single-pha-: 
should be attempted by engineers. In electrifying any portion oi 
main-line railway system it must always be borne in mind that very 
large extensions might come about in the future, and even Mr. Hoba:t 
mentioned a 30-mi. radius. Under these circumstances it certain y 
appeared to the writer that the single-phase system could not © 
dismissed in the very simple way in which Mr. Hobart had attemp'» 
to do it. 

Mr. Hobart suggested that the energy consumption on a test 1) 
on the train amounted to 79 watt-hr. per ton-mi. While th 
figures were those guaranteed by the manufacturers, actual t 
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gave 66 watt-hr. per ton-mi. That there was a very large amount of 
spare power on the trains on the South London line, was shown by 
the fact that under ordinary running conditions it was quite possible 
to make up 2 minutes on the schedule run of 24 minutes. There 
were other figures in Mr. Hobart’s paper to which he would like to 
have taken exception, and errors which he would have liked to correct 
if time had permitted; but in any case he thought he had shown that 
Mr. Hobart’s conclusions were entirely vitiated by the results obtained 
on the South London line. 

He though Mr. Carter’s paper of great interest, but he would like 
to point out that the comparison of the cost as instituted by him 
between the South London and Tynemouth electrifications was 
entirely misleading, and that had he (Mr. Dawson) been installing 
the third-rail system on the South London line, the cost of doing 
this would have been greater than the single-phase system. In any 
case, in advising the adoption, which he did in the case of the Brighton 
Railway, he had to bear in mind possible extensions asfaras Brighton; 
and experience had certainly shown that the adoption of his advice 
had proved most satisfactory to the Brighton Railway Company. 

As regards the very able papersof Mr. Potter and Mr. Westinghouse, 
they were so full of figures that he had not time to criticise them 
very thoroughly. He would, however, like to point out that there 
was a very great discrepancy between the results obtained by these 
two eminent authors, who had had such vast experience in America, 
and who also had had the information and data of two such eminent 
manufacturing concerns as the Westinghouse and the General 
Electric companies, respectively. While Mr. Westinghouse distinctly 
proved that the single-phase system was by far the most economi- 

Mr. Potter succeeded in proving the reverse. 
lle thought this showed how easy it was to come to a false conclu 
sion, unless every individual case was thoroughly investigated on its 
own merits by railway engineers. He would like to point out in 
ths connection that the railway engineers of the various German 
s!tes, Sweden, and Switzerland, and many other railway engineers, 
ai'or the most careful consideration, came to the conclusion that for 
t. electrification of any portion of a main-line railway—suburban, 
i crurban, or long distance—the only really satisfactory system to 
‘mployed was the single-phase. 

‘e did not give this as his own opinion, but only wished to refer 
| as a general impression gaining ground in Europe. => 
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J. R. Wiiut1aMs!' wrote that Mr. Hobart showed that the one 
weak feature of the single-phase system, as applied to railway work, 
lay in the motor; this had a smaller torque than the direct-current 
motor, and its electrical efficiency was lower; therefore the current 
consumption per ton-mile was greater for the single-phase than for 
the direct-current motor. The power factor of a single-phase system 
was low, probably from 75 to 80 per cent, when connected only to 
induction motors, and in the writer’s opinion the comparison of costs 
per kilowatt delivered to the train (Par. 88), namely, 0.72 per kw. for 
single-phase and 0.9 for the continuous-current, was too favorable 
to the single-phase plant. 

The lower power factor reacted on the capital cost of the power 
station, by the fact that it required a larger station being built and 
equipped to supply a given system than would be necessary with the 
same system supplied by continuous current. Therefore capital 
cost and interest would be greater, and profits proportionately less, 
while the design and heavier weight of the train reacted upon the 
cost of upkeep of the permanent way. 

If the problem were main-line electrification, then the single-phase 
was probably the more suitable system, as feeder losses would tend 
to equalize the costs of the two systems; but he would be glad if Mr. 
Hobart would extend his paper slightly by giving a comparison of 
the costs worked out for a continuous-current supply at 1200 volts 
as against the single-phase system. This would admittedly show 
a higher percentage in favor of the continuous-current supply, and in 
his opinion was the system which in the future will commend itself 
both to the Board of Trade and to railway managers generally. 


Witu1am Casson® wrote: All engineers who are concerned 
solely with the operation of electric railways and not with the manu- 
facture of any type of p'ant must echo Mr. Westinghouse’s wish for 
unbiased discussion of all the various systems in use in all their 
bearings. 

It is for this reason that he thought the tabular comparison drawn 
by Mr. Westinghouse between the direct-current system with three- 
phase transmission and the single-phase system must be treated with 
great care if it is intended to apply it to general cases as distinct 
from the case of the particular line to which it was intended to ap)\y. 

Sheffield, England. 


2A. M. I. Mech. E., Central London Rwy., Caxton Rd., Shepherd’s 
W., London, England. 
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There being no scales attached to the tables and no absolute values 
given, the tables are a little difficult to criticise, but from the point 
of view of general application the following points seem to call for 
comment. 

In Fig. 37, the loss in the direct-curreat contact line appears to 
amount to 14 per cent, which seems very high, since if this is the 
average figure the voltage variation between extreme points when 
trains are starting will be about 30 per cent. 

Assuming, however, that this figure is right, the power delivered 
to the sub-stations appears to be 25 per cent more for the three-phase 
direct-current system than for the single-phase. Assuming for the 
sake of argument the same power factor for the two systems, the 
volt amperes in the transmission line of the three-phase direct system 
will not be more than 25 per cent higher than for the single-phase. 

In Fig. 37, however, the actual (not percentage) transmission 
loss for the three-phase direct system is apparently 50 per cent 
higher than for the single-phase system, although the transmission 
line is also shown in Fig. 38 as costing 50 per cent more. As a matter 
of fact, with the same voltage between cores, a three-phase cable 
to carry the extra 25 per cent of load should not cost more than about 
25 per cent more than a single-phase concentric cable, for the same 
total loss in the cable. 

The assumption of equal power factors is however quite unfair to 
the three-phase direct system. With rotary converters the power 
factor of the transmission line can be kept at 0.98 under ordinary 
operating conditions. It never falls below this on the Central London 
Railway. On the other hand with the single-phase system there are 
motors with a power factor of 0.9 supplied from a contact line which 
with the track return forms a large inductive loop and which is in 
turn supplied through static transformers so that the power factor 
will almost certainly not exceed 0.8. It will be obvious therefore 
that the current in the transmission line, still assuming the high-con- 
tact line loss with which Mr. Westinghouse debits the direct-current 
system, will be the same in both cases, and therefore for the same 
total transmission loss the cost of the three-phase cable should not 
exceed that of the single-phase one by more than two or three per 
cent at the outside. 

‘vith a reasonable contact-line loss the advantage will probably 
be on the three-phase side with regard to transmission line loss and 
first cost. 

(he allowance of 20 locomotives appears to be very small for 100 
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milesof line. This is only about one-fifth of the average steam railway 
figure for this country. Of course the annual mileage for an electric 
locomotive will be much higher than for steam, but the traffic density 
must also be higher to justify electric traction at all. Even assuming 
that each locomotive makes 200 mi. per day or about 73,000 per 
annum, there will be only 20 trains in each direction per day on the 
line under consideration. On most of the electrified railways in this 
country the annual mileage appears to be about 50,000, but with 
higher speeds and longer runs between stops probably 70,000 might 
be reached, but it would be difficult to justify electrification of an 
existing or projected line with such low traffic density as one train 
per hour. On most electrified lines in this country the number of 
train sets exceeds one per mile of route, and on the underground and 
tube railways, which must be considered in any universal system, 
it is very much more, reaching 5 per mile on the Central London Rail- 
way, which is, however, an extreme case. 

This point is an important one, as the cost of a single-phase loco- 
motive appears to be 50 per cent higher than that of a direct-current 
one according to Fig. 38. 

In Fig. 38 the cost of the single-phase contact line is shown as 
being less than one-half the cost of that for direct-current. There 
are no figures published as to the cost of the two single-phase contact 
lines erected on railways in this country, but there is no doubt it 
is very much higher than £1000 per mi. of track which is the cost of 
a single third rail erected and bonded complete. 

In the system considered by Mr. Westinghouse, the third rail is 
supplemented by a copper distributing cable, which would form an 
additional item in the direct-current contact-line cost and miglit 
perhaps double it, but with a frequency of only one train an hour in 
each direction and an average contact-line loss of 14 per cent, the cop- 
per distributor would hardly be required, even on a 600-volt system 
with sub-stations 8 miles apart and certainly not on a 1200-vo't 
system. 

Taking into account then the small number of locomotives provided 
and the unnecessarily high cost of contact line and transmission lins 
assumed for the three-phase direct system it certainly seems tht 
Figs. 37 and 38 are somewhat unfair to the last-named system, if 
they are considered as of anything like general application. ss 
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F. W. Carter wrote that Mr. Dalziel had now explained his 
suggested 934 per cent efficiency as having been obtained “by 
totalling the respective curves of output and losses on Fig. 5, and 
as the figure of 93} per cent so obtained was not the free running 
but the efficiency overall from start to stop, it was a very high 
figure.’ The only overall efficiency which even approached Mr. 
Dalziel’s figure was the purely fictitious one obtained by taking 
account only of the losses which went to heat the motors— 
core loss, copper loss, ete.—and comparing the figures obtained 
with the total input. If this was the efficiency Mr. Dalziel referred 
to, he might have obtained it with greater accuracy and less labor by 
simple subtraction; the motor loss was given as 6.75 per cent 
of the input, so that this efficiency was 100 — 6.75 = 93.25 per 
cent. This, however, was no real efficiency at all. The input 
curve, as could easily be deduced from Fig. 5, included some 13 per 
cent rheostat loss, so that the motor input was only 87 per cent of 


75 
Thus the motor losses were = 


0.87 
cent of the motor input, and what might be described, if it were any 
use, as the overall efficiency at the armature shaft was 92.25 per cent. 
But in addition to this, there was some 4 per cent gear loss, so that 
the overall efficiency of the motor was only about 88 per cent. 
Allowing for the rheostat loss, the overall efficiency of the equip- 
ment would be seen to be approximately 764 per cent. Under the 
conditions he did not believe there was anything at all remarkable 
in any of these figures, and could only conclude that Mr. Dalziel 
had not succeeded in making correct use of the data available. It 
was barely possible that this might explain some of Mr. Dalziel’s 
other difficulties. 

in reply to Mr. Cary T. Hutchinson, he would say that he had 
not read Mr. Hutchinson’s papers and was unaware that they dealt 
wiih the matter in question. He had unwittingly rediscovered and 
made some use of an idea which he was quite willing to believe 
oricinated with Mr. Hutchinson. He had himself, however, made no 
claim to being the originator of the idea, which he had not considered 
of sufficient importance to warrant the labor of historical research, 
an’ which moreover he regarded as implicitly contained in the work 


the equipment input. 
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of Mr. Anderson,'! mentioned in one of his references. Mr. Hutch- 
inson had misunderstood his statement, ‘the above is an application 
of a method which the author has more fully elaborated elsewhere.’’ 
He did not here suggest that he had elaborated the subject of 
specific acceleration elsewhere; had he done so he would not have 
discussed it in detail in the paper. He would assert, however, that 
the method of reducing diverse schedules to a common basis accord- 
ing to definite rules had been discussed in both papers referred to, 
and this was the meaning he had intended to convey in the above 
statement. The first paper dealt exclusively with this matter and 
the second partially. In the British paper, the credit for the under- 
lying idea of the method as there used had been given to Mr. bE. H. 
Anderson of the General Electric Company. Mr. Hutchinson had 
seen fit to make use of this admission to belittle the author’s poor 
efforts. The use of speed multiplied by the square root of stops per 
mile as independent variable, whatever it was worth, was not Mr. 
Anderson’s but the author’s own way of using the idea, and differed 
totally from Mr. Anderson’s. But if Mr. Hutchinson was unable 
to deduce a correct conclusion from inadequate information, he was 
no more fortunate in stating the nature of a simple quantity. Speeds 
multiplied by the square root of stops per mile was not a velocity 
but the square root of an acceleration, as he might apprehend if he 
considered that stops per mile was only another way of writing tlic 
reciprocal of the distance between stops. The square of this quantity 
was in fact much the same thing as Mr. Hutchinson’s through «avc- 
celeration and was commensurate with it in value. The idea of spe- 
cific acceleration had been introduced into the paper for no other pur- 
pose than to drag in Table 2, and he had desired to bring this in because 
he was tired of the foolish comparisons that were continually being 
made on this side between services that were in no wise comparalle. 
The engineer of the A & B Railway had but to give out that he 
had found an energy consumption of 100 watt-hours per ton-mile 
on his line, when the manager of the Y & Z Railway would show 
how he had found an energy consumption of only 80 watt-hours 
per ton-mile on his line, and how that accordingly his company !\2 
adopted the better system and so on. It was his feeble effor! ‘o 
relieve this country of some of this rubbish, by showing that (!c 
energy consumption on the A & B Railway might legitimate!, © 

1It may interest Mr. Hutchinson, as one concerned about precedence, ‘° 


learn that a set of curves embodying Mr. Anderson’s conclusions and gives »Y 
him to the author, are dated July 1901. 
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higher than on the Y & Z Railway, that had brought the author 
into collision with Mr. Hutchinson. 

With regard to Mr. Dawson’s remarks, the author would say 
that he had intended his investigation of capital burden in the case 
of the Tynemouth and South London electrifications to be regarded 
less as a comparison than as an example of possible divergence. 
He had not suggested, nor had he had any desire to suggest, that 
the whole difference lay in the system of operation selected; at 
the same time, since Mr. Dawson had raised the point, it could not 
be denied that the question of system had its effect on capital costs, 
and considering that the latter scheme showed a capital burden 
some three times that of the former, Mr. Dawson could hardly be 
serious in his claim that it would have been still higher had the same 
system as is used on the former railway been adopted. 

It was a matter of some surprise that those who adopted the réle 
of advocate of a system of operation seemed usually very desirous of 
establishing illegitimate claims for their system, often to the neglect 
of its real advantages. As for instance, when Mr. Dalziel (Figs. 42 
and 43) went to much trouble to show that in a run without coast- 
ing and with a fixed rate of braking, he could alter the gear ratio 
without altering the running time, an obvious fallacy, when he might 
with justice have pointed out that the single-phase system as com- 
pared with the continuous-current system did not require to have so 
great a margin for making up lost time in the speed curve at constant 
voltage, as such an emergency could be met by running on an over- 
voltage tap. Thus he might legitimately have claimed the right to 
alter the single-phase gear ratio, if by so doing he could have shown 
decreased motor losses. Mr. Dawson doubtless had good reasons 
for recommending the adoption of the single-phase system for the 
Brighton Railway, and in fact the necessity of bearing in mind possible 
extensions as far as Brighton could not have been disregarded; but 
if in spite of the enormous capital burden of the South London elec- 
trifieation, he still had any impression that the single-phase was 

_ cheaper than the continuous current system for suburban work, it 
\vas not inappropriate for the author to suggest that Mr. Dawson 
should get further information as to the cost of the latter system. 


H. M. Hoxparr wrote, in reply to the discussion, that for the 
irposes of the estimates in his paper he had taken the cost of elec- 
city as delivered to the sub-stations, at the representative figure 
' 0.65d. In consequence of the capital cost and operating costs of 
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the sub-stations, he had taken the cost of electricity as delivered 
from the sub-stations as 0.70d.! for single-phase electricity and as 
0.87d. for continuous electricity. It was the relative values of these 
two figures to which significance should be attached. The actual 
values depended upon the distance from the supply station and on 
the cost of fuel, water and labor, and on other considerations vary- 
ing in every case. He had considered that the relative values of 
0.70d. and 0.87d. respectively, for single-phase and continuous 
electricity as delivered to the railway in the form in which it was 
required for the propulsion of the trains, were fair representative 
values, the price for continuous electricity exceeding the price for 
single-phase electricity by 24 per cent. However, Mr. Scott 
expressed the opinion that the cost for continuous electricity 
should have been taken greater than that for single-phase elec- 
tricity by 50 to 60 per cent, instead of by only 24 per cent. The 
method by which the author arrived at the latter figure could best 
be shown by taking the concrete case of the 8.L.E. Railway with its 
8.6 miles of route. The rolling stock comprised eight 3-coach trains, 
and in Table 13 he credited each train with an aggregate of 48,000" 


‘ It was not correct to ignore all sub-station costs in the single-phase system. 
A certain capital outlay was invariably incurred for sub-station switch-gear 
and other apparatus, even when neither the pressure nor the periodicity re- 
quired to be transformed. Of course the ratio would vary widely according to 
the conditions of each case. Mr. Scott took the cost of the sub-station part 
for alternating current as roughly about a quarter of that for direct-current 
sub-stations. Mr. Potter (Table 16) took the capital cost of the sub- 
stations for trunk-line service at over one-third as much for the single-phase 
as for continuous electricity, and for yearly operation and maintenance of sub- 
stations Mr. Potter took half as much for the single-phase system as for the 
continuous-electricity system. While Mr. Potter’s percentages would, in his 
(Mr. Hobart’s) opinion, usually be unfair to the single-phase system, it w< 
equally or more erroneous to ignore sub-station costs in the single-phas« 
system. In increasing the cost of electricity as delivered from the sub-station 
to 0.70d. as compared with a cost of 0.65d. for the electricity as delivered t» 
the sub-station, he had very decidedly favored the South London Elevat«! 
Railway single-phase system whose 8.6 miles of route had no less than twelv> 
elaborate boosting and sectionalizing switch-cabins. 

2 On p. 17 of The Light Railway and Tramway Journal for January 14, 191). 
Mr. Dawson gave data from which it appeared that the South London Elevat«! 
Railway worked its present eight trains on the basis of some 46,000 miles p.» 
train per annum, which gave an average (for the 365 days) of 126 miles pr: 
train per day. But the normal service probably only required five out of |) 
eight trains to be on the line on any one day and those five trains, on the ds) + 
they were on the line, averaged } X 126 = 200 miles per train per day. ‘T!': 
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miles per annum. If the same service were performed by trains 
equipped with continuous-electricity motors, it would be seen from 
Table 13 that the consumption per train was 512,000 kw-hr. or 8 X 
0.512 = 4.10 million kw-hr. per annum for the eight trains. The 
output from the sub-stations would be some 4.25 million kw-hr. per 
annum. For this particular service, some four or five trains per 
hour, two sub-stations would be appropriate for the 8.6 miles of line, 
and the load factor on the sub-stations might be taken at about 20 
per cent. The peak load on each sub-station would be some 
4,250,000 
(, X 8750 X 0.20 
machinery in each sub-station, with a guaranteed capacity of, say 
2500 kw. for intermittent overloads, would obviously be ample even 
for a service considerably more severe than at present provided by the 
S.L.E. Railway. The two sub-stations, complete, would cost about 
£15,000. We may take the annual capital charges on this outlay, cor- 
responding to the 15 per cent on the rolling stock at 10 per cent, mak- 
ing anoutlay under this heading of (== x 0.10 X = = ().085d. 
4,250,000 

perkw-hr. of output from the sub-stations. A further charge of 0.055d. 
per kw-hr. of output would amply cover wages, oil and stores. 

For the train service at present provided on the South London 
Klevated Railway, the annual efficiency of these two sub-stations 
would be fully 89 per cent,! instead of the 80 per cent suggested 


) =1210 kw. A rated capacity of 1500 kw. of 


service gave 64 trains per day in each direction, but in the article to which 
reference was made above, Mr. Dawson stated that this would be increased 
to 100 trains per day in each direction. The practicability of doing this, 
without adding to the present rolling stock, had yet to be demonstrated. 
It was however desirable to mention that the service had very recently 
(October 1, 1910) been increased to 75 trains in each direction on week- 
days and 30 on Sundays. This, when sub-divided amongst the eight trains, 
«unounted to 54,000 miles per annum for each train. The final increase to the 
100 trains per day which Mr. Dawson had stated in his article to be intended, 
would, if accomplished, bring up the average for each of the eight trains to 
72.000 miles per annum. 

Mr. Aspinall showed (Proc. I. Mech. E., 1909, pt. 2, p. 454) that for 57,190 
\v-hr. delivered from the sub-stations of the Southport Railway, on a certain 
cy, there was a loss of 3480 kw-hr. in the rotary converters, and a loss of 
|-55 kw-hr. in the transformers. Consequently for the service on that road on 


_{ e day in question (July 1906), the overall efficiency of the sub-stations was 


57,190 
— _ = 91 per cent 
57,190 + 3480 + 1885 
!.» (Mr. Hobart) in taking 89 per cent for the sub-station efficiency was rea- 
ably conservative. 
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by Mr. Scott, and which would appear to have been based on his impres- 
sions from interurban roads with a train every hour or so. With 89 per 
cent efficiency, the cost per kw-hr. of output corresponding to a cost 


4+ 0.085 + 0.055 = os. 


of 0.65d. per kw-br. of input would be ( ° =. 


This confirmed the figure of 0.87d. which he took as the basis 
of his estimates, and was only 24 per cent higher than the 0.70d. 
which he took for single-phase electricity (as delivered to the 
railway’s contact line), as against the 50 to 60 per cent higher price 
put forward by Mr. Scott. This disposed of the matter of the 
relative prices, and confirmed his figure of 1.24 for the ratio. 

Coming to Mr. Dawson’s criticism, he found this to be apparent- 
ly rather than actually formidable. He proposed to show firstly, 
that he had real and well-founded reasons for adopting the figures 
to which Mr. Dawson took exception; secondly, that the accept- 
ance of Mr. Dawson’s corrections, far from improving the show- 
ing of the single-phase system, actually made it worse than his as- 
sumed figures; thirdly, that Mr. Dawson had as yet no cause for 
jubilation in the economic results of the South London electrifica- 
tion. Mr. Dawson stated that 0.7d. for single-phase electricity 
was a great deal too high and that the South London Elevated 
Railway would very soon reach a point which would cost only 0.5d. 
per unit as delivered on their railway at the periodicity and the 
pressure at which they used it. It would not have been desirable 
for him (Mr. Hobart) to employ so low a price in his comparison, 
for railway officials ought not to be too optimistically advised as 
regards the price of electricity, in comparing steam-locomotive 
working with electrical operation. 

Thus from Par. 187 of Mr. Pomeroy’s paper it was seen that the 
cost of the electricity as delivered to the sub-stations, was 0.66d. per 
kw-hr. (which was about the same as Mr. Hobart’s assumption of 
0.65d. per kw-hr.) for the New York Central Railway. On June 3, 
1908, in giving evidence before the Parliamentary Committee on the 
London and District Electric Supply Bill, Mr. Forbes, general mana- 
ger of the London, Brighton & South Coast Railway, stated that 
their contract with the London Electric Supply Corporation for 
electricity for the South London Elevated Railway was on the basi- 
of a tariff ranging from rather more than 1d. down to jd. per unit. — 
Even now Mr. Dawson did not assert that they were obtaininy 
electricity for 0.5d. per kw-hr. but simply said that it would very 
soon reach a point which would only cost. $d. per unit on their rail- 
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way at the periodicity and pressure at which they use it. If there 
were any definite basis for this assertion of Mr. Dawson’s, it was that 
).5d. per unit was the limit of a schedule at which all power in excess 
of a certain quantity was charged. But they were concerned with 
the average price of all power, and not only with that portion which 
was in excess of a certain quantity. Mr. Hobart’s 0.7d. per unit 
might thus be entirely consistent with Mr. Dawson’s 0.5d. per unit. 
Even when the price of 0.5d. was reached, Mr. Dawson probably 
meant that it would apply to the electricity as delivered to their 
sub-station, or “distributing cabin” as Mr. Dawson preferred to call 
it. Consequently the costs associated with the price and operation 
of the distributing cabin ought still to be added. 

Mr. Dawson and the London, Brighton & South Coast Railway 
were to be congratulated if they could obtain electricity for a rail- 
way load from a London supply company at a lower price than that 
at which it could be purchased on the Tyne. But so far as regards 
the comparison between the single-phase and the continuous elec- 
tricity systems, the conclusions were but slightly dependent upon the 
basis prices assumed, so long as these were in the correct ratio to 
one another for the two systems; in fact. he (Mr. Hobart) was slightly 
favoring the single-phase system in taking fairly conservative values 
for the basis prices. But, to meet Mr. Dawson’s criticism, he would 
take 0.50d. per kw-hr. for single-phase electricity, and 0.50 & 1.24 = 
().62 per kw-hr. for continuous electricity, the prices in both cases 
being on the assumption that the Electricity Supply Company, 
from whom the railway purchased the electricity, owned the 
sub-stations and provided the electricity at the above prices at the 
cables leading from the sub-stations to the contact rails or conductors 
or to the feeders from which these contact rails or conductors were 
supplied. Owing to the losses between the sub-stations and the 
trains, he would take the cost of electricity at the trains as 0.51d. and 
(.64d. allowing 2 per cent loss in the single-phase system and 3 per 
cent loss in the continuous-electricity system. Thus, at the train 
li was taking the cost of continuous electricity per kw-hr., as 25 per 


cont higher (since — = 1.25 than the cost of single-phase elec- 


tricity. 
\lr. Dawson put forward 66 watt-hours per ton-mile as the con- 
iption at the train under the conditions of test runs. Although 
‘ound it impossible to deduce any final results from Mr. Dawson’s 
ious descriptions of his tests, the best he could do was to quote 


» 
- 
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from his (Mr. Dawson’s) contribution to the discussion of some 
papers read at the Institution of Civil Engineers last winter. Mr. 


Dawson stated :! 


In that connection he would like to give some results which he had obtained 
on runs made during the last few months on the Brighton line. They were 
test runs made under the best possible conditions, and the results he was 
about to give were results for test runs only. The various factors entering 
into the runs—amperes, volts, watts and speed—were all measured by instru- 
ments specially made for him. The speed record was in addition checked by 
another instrument kindly lent to him by Mr. Morgan, the chief engineer of 
the Brighton Railway Company. In such a way he thought he had obtained 
results which were as nearly accurate as any such measurements on a train by 
instruments could be. The tests consisted of a series of six runs between 
Battersea Park and Peckham Rye and back. There were four intermediate 
stops of 20 seconds at each station, and the average distance between the 
stations was } mile. The shortest distance between any two stations was 
1900 feet. The line was a hilly one with several gradients, some of as much as 
1 in 91; and as the line was practically all curves, the conditions for such tests 
were not ideal. On those six runs the average energy used per ton-mile, 
measured on the train—not allowing, of course, anything for shunting, but 
allowing everything else—was 71.8 watt-hr. per ton-mile. The average speed, 
including stops of 20 seconds at the four intermediate stations, was 21.2 miles 
per hr. The maximum acceleration was 2.06 ft. per sec. per sec., and the 
average acceleration from rest to a speed of 37 miles per hr. was 1.5 ft. 
per sec. per sec., the train weight being made up to the figure agreed upon 
in the original contract, namely, 148 tons. The average power-factor for 
the six runs was 80.8 per cent. The starting current never exceeded on the 
level 6600 volts, 120 amperes, and the maximum current at any time never ex- 
ceeded 184 amperes. It might also be interesting to give a few results for 
other distances. The distance between Denmark Hill and Peckham Rye was 
4480 feet, and on test runs the consumption per ton-mile worked out at 6% 
watt-hours, while the average speed was 24.4 miles perhr. Between Batterses 
Park and Wandsworth Road, a distance of 3465 feet, the corresponding results 
were 22 mi. per hr. and 67 watt-hours per ton-mile. On Sunday, November 7, 
there were six trains running from about 9 a.m. till6 p.m., at what it was pro- 
posed should eventually be the regular scheduled service, between Victoria and 
London Bridge, a distance of 8} miles, including 20-second stops at inter- 
mediate stations, in 24 minutes. A good deal of shunting had to be done 
on that day at various stations, in order to get out of the way of stea 
trains working the ordinary traffic. Over the whole day the average energ) - 
consumption worked out at 81 watt-hours per ton-mile, and the average di-- 
tance per train run on that day was just a little more than 100 miles. The 
average speed was about 25 miles per hr. excluding stops, and 21.8 miles per 
hr. including stops. The average distance between stations on that run ws- 
4620 feet. 
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On p. 19 of “The Light Railway and Tramway Journal”’ for Jan- 
uary 14, 1910, Mr. Dawson said: 


It may be interesting to note that during trial running over the whole line 
between Victoria and London Bridge, when six trains were in service and before 
the line was opened for public service, 80 and 81 watt-hr. per ton-mile was actu- 
ally consumed at the point of distribution where the current is metered and paid 
for, this figure including train lighting and all energy used for shunting, for 
which no mileage allowance was naturally made. For the first week of regular 
service, the energy per ton-mile at the distributing point, including all energy 
used for shunting, non-productive mileage, lighting, repair shops, losses due to 
weather, and not allowing anything for weight of passengers, was 83 watt-hr. 
per ton-mile. Under these circumstances, the hope seems justified that the 
amount to be actually paid for, including all distribution losses, and including 
all the power and light used at the repair shops and for shunting and not allow- 
ing anything for weight of passengers or luggage carried, will be on the average 
and for a varying composition of train, well under 85 watt-hr. per ton-mile 
at the point where current is paid for. It must not be lost sight of that this fig- 
ure is at the point of purchase and includes all line and distribution losses and 
possible losses due to bad weather, etc., and energy and light used in repair 
shops. 


In view of the indefiniteness running through all these statements, he 
considered that he was fully justified in falling back upon the contract- 
or’s original guarantee of 79 watt-hr. per ton-mile as the basis for 
his estimates, and in view of the known efficiencies and properties 
of the equipments employed, his basic figure of 79 watt-hr. per ton- 
nile, was, in his opinion, the most appropriate and probable. By 
accelerating at a very high rate during test runs, a considerably lower 
figure could always be obtained on any type of equipment, but it 
could not be maintained during the conditions of routine service. 

Taking the 66 watt-hours per ton-mile as a figure corresponding to 
iest runs, it followed that Mr. Dawson’s 4.83d. per train-mile was 
inerely a paper estimate and not what the South London Elevated 
Railway paid. In the first place, it was based on a price of 0.5d. 
per kw-hr. which was admitted by Mr. Dawson to be below the 
average price the South London Elevated Railway was at present 
paying. In the second place, it was based on the consumption 
during test runs made with great care and with measuring instruments 
which certainly did not read too high. In the third place, the 66 
\att-hours per ton-mile, being the result of test runs, allowed nothing 
for shunting and other unaccounted mileage. In the fourth place, 
the above energy consumption was measured at the train and not at 
'\« switeh-cabin at which it was metered for payment, and therefore 
tide no allowance for line losses. Under the conditions of actual 
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running, the gross consumption as metered for payment would be 
considerably in excess of the consumption at the train on test runs. 
In his (Mr. Hobart’s) paper he had taken it as 50 per cent greater, 
both for the single-phase and for the continuous electricity trains. 
As quoted in the preceding paragraph, Mr. Dawson had indicated 85 
watt-hours per ton-mile as an appropriate figure for the consumption 
“at the point where current is paid for.”’ This was 29 per cent 
greater than his 66 watt-hours consumption at the train during test 
runs, and was sufficiently in accord with his (Mr. Hobart’s) 30 per 
cent allowance. 

Now as to the weight of Mr. Dawson’s single-phase equipment. 
In Par. 69 the author showed that in his term “electrical 
equipment” he comprised air-compressors and governors, ail 
sables, switch-panels, collecting devices and all mechanical structures 
required in connection with them, as well as all wiring and every- 
thing of a mechanical nature required in connection with the wiring 
or with any other part of the electrical installation. Until Mr. 
Dawson produced a detailed statement of the items making up his 
figure of only 36 tons for the electrical equipment, he would, person- 
ally, be of the opinion that when they arrived at a common basis of 
comparison, his estimate of 44 tons would be seen to be the appro- 
priate figure for the weight of the electrical equipment on the South 
London Elevated trains, and that it would be consistent with the 
basis employed for the weights of the equipments of the continuous- 
electricity trains.' In the Light Railway and Tramway Journal,’ 
Mr. Dawson gave the weight of a motor-coach as 54 tons, and the 
weight of the complete train as 138 tons. Thus the — of the 
trailer worked out at 138 — (2 X 54) = 30 tons, leaving 2 x (54 — 30) 
= 48 tons difference, of which he (Mr. Hobart) had taken 44 tons as 
representing the weight of the electrical equipment with all its ac- 
cessories, and 4 tons as the extra weight of the trucks. Neverthe- 
less, for the following comparisons he would employ Mr. Dawson's 
estimate of 36 tons. It was incumbent upon Mr. Dawson, however, 
to take an early occasion to explain how it was that each of thc 
coach-bodies was, in the case of the motor-coaches, 4 tons heavicr 
than the coach-body of the trailer-coach. It should be noted that 


1Thus, as stated in Par. 69 of the paper, the weights of the Piccadilly-Tube 
continuous-electricity equipments were usually given out as 7.3 tons, but in 
his estimates he took them as 8.0 tons to provide for having an absolutely 
inclusive figure. 

2June 11, 1909, p. 343. 
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all three coach-bodies were of identical length. Thus, although 
there was a weight of 8 tons in the train for which Mr. Dawson 
offered no explanation, he would, nevertheless, take, in the following 
calculations, Mr. Dawson’s estimate of 36 tons in place of his own 
estimate of 44 tons. 

As regards Mr. Dawson’s claim that 6 out of the 8 motors were 
sufficient for the service, he (Mr. Hobart) had taken the various 
trains as they actually stood, and he had not considered that it 
would be profitable to indulge in speculations with regard to what 
might have been. He saw no reason to suppose that there was any 
more margin of capacity in the 8-motored 8.L.E. train than in the 
8-motored Southport train. Mr. Dawson would hardly contend 
that engineers having the great experience of the Allgemeine Elek- 
tricitéts Gesellschaft in single-phase work would have proposed 8 
motors for his 3-coach train if 6 motors were really sufficient for the 
service. Mr. Dawson had asserted that 6 motors were quite sufficient 
to run the scheduled time with ease, and as a matter of fact, had 
often done so. Since they were not concerned with an equipment 
only quite sufficient to run the scheduled time with ease, but rather 
with an equipment suited to handle the service, Mr. Dawson could 
not conclude that his train was over-motored any more than this 
could be claimed for the Southport train. The margin to which Mr. 
Dawson alluded was no greater than was usual in electric trains. 
Any well-proportioned electric train would easily run a few trips 
with 25 per cent of the motors cut out. In this matter he had made 
his position clear in Pars. 71,76 and 77. In these the author quoted 
from the 1908 Board of Trade returns. The returns for the year 
1909 (date of publication 1910) were now available, and he found 
that the electrical traffic on the Southport line amounted in 1909 
to 1.48 million of train-miles and to 5.24 millions of car-miles. 
Consequently the average figure for the cars per train was 

5.24 
1.48 
very large part of the traffic was conducted with four-coach 
ins made up of two motor-coaches and two trailers. This was 

- of the normal trains employed for the 30-miles-per-hour-1-stop- 

-1.32-mile service. On the contrary, the 8.L.E. trains were 

actically invariably 3-coach trains. Consequently, instead of 
|. ng unjust to the single-phase system he had been unjust to the 


= 3.54 cars. 


Illustrated in Proc. I. Mech. E., 1909, p. 442. 
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continuous-electricity system in his comparison so far as regards 
the weight of equipment required for a given service. Consequently 
in the following comparisons, he would take Mr. Dawson’s equipment 
of 36 tons as appropriate for his 138-ton train. Table 4 now became, 
making permissible omissions for brevity’s sake, as shown in Table 33. 

He would now proceed to the next stages of the calculations in- 
volved in adopting Mr. Dawson’s data. The composition of the two 
trains would be taken as in Table 34, which also comprised further 
obvious steps in the comparison. 

He had thus obtained the horsepower per ton appropriate to the 
two services. The next step related to the modifications necessary to 


= TABLE 33 TABLE 4 (HOBART) REVISED 


Southport Train S.L.E. Train 


Schedule speed, m1. per hr 

Energy consumption, per ton-mile, watt-hr................ 

Energy consumption, per train-mile, kw-hr 

Average input per train, kw 

Efficiency of equipment, per cent... 

Average output from motors to axles, h.p..................... 


the South London Elevated train in order that it should be equal to the 


Southport train service. There would be required ( ad = ) 0.515 
ton of electrical equipment per ton weight of train. Denoting by 
W the total weight of the South London Elevated train when 
revised to be capable of performing the Southport service, we had 
W = 0.515 X W + (138 — 36), or 210 tons. Weight of electrical 
equipment = 210 — 102 = 108 tons. Average output of which 


TABLE 34 COMPOSITION OF SOUTHPORT AND S.L.E. TRAINS 
Southport Train S.L.E. Train 


36 
37 
65 
Total weight, tons 138 
Percentage which the weight of the electrical equipment con- 
stitutes of the total weight of the train.................... 5.40 : 26.0 
Average output, h.p 1 189 
Average per ton-weight of train, h.p 


= 
4 
| 
| = ; Weight of electrical equ! en 
Average output per ton 
4 
: 
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this electrical equipment was capable (with reasonable margin of 
reserve) = LOS X 5.25 = 566 h.p. (as against the 189 h.p. which 
sufficed for the South London Elevated service). Thus the revised 
South London Elevated train required to have 566 h.p. average 
capacity as against the 319 h.p. which sufficed for the normal South- 
port train. This was an increase of 77 per cent. While both trains 
had the same length of 180 feet, the South London Elevated train, 


when altered to be adequate to perform the Southport service, 
210 
weighed 78 per cent (since 119 = 1.87) more than the Southport 


train. 

Reversing the process, and adapting the Southport train to the 
South London Elevated service, they had: 

The South London Elevated service required per ton of total 
Ss weight of train, 1.37 h.p. 


/ on 


Corresponding weight of equipment | 


=, =) 0.129 ton per 
1.07 , 
ton-weight of train. 
- Complete weight of electrical equipment = 0.129 W. 
Weight of Southport train exclusive of electrical equipment 
was 118 — 30 = 88 tons. 
Therefore, W = 0.129 W + 88 = 101 tons. 
— Weight electrical equipment = 101 — 88 = 13 tons. 

The weights of the four trains would be as shown in Table 35. 
In this table he had favored the single-phase system, for the 
|} tons of electrical equipment would be carried by only two trucks, 
and the total weight of the trucks in the train would be less than the 
57 tons allowed in column 2. Similarly the 37 tons allowed for 
trucks in column 3 would be utterly inadequate for a 3-coach train 


WEIGHTS OF THE FOUR TRAINS 


Continuous Train SinGie-Paase Train 


For For For For 
Southport S.L.E. Southport S.L.E. 
service, service, service, service, 

tons tons tons tons 


‘ ovch bodies... 
‘trical equipment 
iotal weight . 


7 
j 
7 
| 
3 
CARLES 
t 
51 65 65 
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carrying 108 tons of electrical equipment. It should be noted that 
the somewhat great coach-body weight in the single-phase train 
was necessitated by the acceptance of Mr. Dawson’s figure for the 
equipments, since the figure of 138 tons for the empty train was also 
Mr. Dawson’s and had never been in dispute. The matter of the 
weight of the coach bodies was, however, a minor one and did not 
greatly affect the final calculations. 

In Table 36 are given the corresponding costs of the above four 
trains. 
TABLE 36 CORRESPONDING COSTS OF THE FOUR TRAINS 


an - Continuous TRAIN SINGLE-PHAse TRAIN 
For For For For 
Southport S.L.E. Southport S. L. E. 
service, £ service, £ service, £ service, £ 
Electrical 3750 1630 13500 4500 
78.1 69.5 98.0 81.3 


He now had the data for a revision of Table 13, which he would call 
Table 37. 


TABLE 37 REVISION OF TABLE 13 (HOBART) 


Schedule speed, mi. per hr.....................00.. 30 22 
Distance between stops, mi.................ce0e00e 1.32 0.88 
| 
tinuous phase tinuous phase 
118 210 101 138 
Net consumption of electricity at train in watt-hr. | 
Net consumption of electricity at train in kw-hr. per 
Miles pertrain perannum......... 54,000 54,000 48,000 48,000 


Net consumption per train perannum, kw-br......, 610,000 1,090,000 322,000 437,000 
Gross consumption per train per annum (= 1.3 


net consumption) in kw-hr................. “ 795,000 1,420,000 419,000 569,000 
Cost of electricity delivered at train per kw-hr., d... 0.64 0.5t 0.64 0 51 
Total annual cost per train for electricity, £........ 2120 3020 1120 1210 


Total annual cost per train-mile,d............... ee 9.45 13.4 5.60 6.05 


— 


X 6.95 = 8.30d. per train-mile | 
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It must be expressly stated that these results did not represent 
his own conclusions. Railway officials would, in his opinion, be 
wrong to rely upon obtaining such low costs for electricity. While 
a very large consumption of electricity by a railway might, under 
favorable conditions as regards coal, water, wages, ete., enable it 
to obtain prices at the train as low as those shown in Table 37, 0.64d. 
for continuous electricity and 0.51d. for single-phase electricity, this 
was not the case at present, and for a conservative comparison with 
steam-locomotive working, the results in his Table 13 were the most 
appropriate. He had simply worked out Table 37 to meet Mr. 
Dawson’s criticisms, to illuminate the subject in general, and to show, 
as would appear in Table 38, that, without accepting them in any 
way, but merely applying them as a matter of interest, his ultimate 
results were much more decidedly to the advantage of the continu- 
ous system as regards the relative costs, and that, as pointed out 
in the paper, the relative superiority of the continuous system in- 
creased rapidly with increasing severity of service. 

Mr. Dawson wrote : ‘Mr. Hobart in his figures of cost of electrical 
energy per train-mile assumed that the electricity would cost them 
from 10d. to 15d. per train-mile. On the basis of the energy con- 
sumption which now existed, and at $d. per unit, this figure for their 
service only amounted to 4.83d. per train-mile.”’ In making this 
statement Mr. Dawson utterly misrepresented the case. The 
author’s figure of 15d. was carefully stated to refer to the single- 
phase train when remodelled to be equal to performing the South- 
port service. It was only his figure of 10d. which Mr. Dawson 
should have compared with his figure of 4.83d. The deduction of 
the one from the other was simple. Mr. Dawson took the hypo- 
thetieal, and as yet (on his railway) unattained, price of 0.50d. per 
kw-hr. Substituting the more appropriate price of 0.72d. (at the 
train), we had 


0.75 
0 X 4. 83= 6.95d. per train-mile 


The author took a net consumption of 79 watt-hours per ton-mile, 
which was a figure of recognized appropriateness for the service in 
question, while Mr. Dawson took 66 watt-hours per ton-mile, a 
‘igure which he (Mr.!Hobart) could not admit. 


He added 30 per cent to the test-run consumption to bring it up to the 


| 
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conditions of actual routine service. 
ance whatsoever on this score 
1.30 X 8.30 = 10.8d. per train-mile 

Notwithstanding hypothetical estimates, he was satisfied that the 
actual cost to the L. B. & 8. C. Railway was at present much nearer 
to his figure of 10.2d. per train-mile than to Mr. Dawson’s value of 
4.83d. per train-mile. 

Table 38 gave the equivalent of Tables 14 and 15. 


Mr. 


Dawson made no allow- 


ald TABLE 38 EQUIVALENT OF TABLES 14 AND 15 (HOBART), REVISED 


Schedule speed, mi. per hr 


Distance between stops, mi 


Con- 


Single- Con- 
tinuous phase tinuous 


Single- 
phase 


Total annual cost per train for electricity, £ siaighs 2120 3020 


1120 1210 
Annual charges for capital depreciation, repairs 
and renewals per train, £ RAs 1380 3080 1050 1680 
Sum of above two annual outlays per train, £..... 3500 6100 2170 2890 
Miles per train per annum ; 54000 54000 48000 48000 
Cost per train-mile for electricity, d 9.45 13.4 5 60 6 05 
Annual charges for rolling stock per train-mile, d 6.14 13.7 5.25 8.40 
Sum of above two outlays per train-mile, d 15.59 27.1 10.85 14.45 


Amount by which the single-phase train costs more 


per train-mile than the continuous-electricity 11.5 
train, d. 


Mr. Dawson seemed to have somewhat misunderstood the subject 
of the paper. It was a comparison between systems, and whilst 
certain data had been taken from the South London Elevated line, 
it was not his (Mr. Hobart’s) intention that the reasoning should be 
regarded as an analysis of the working costs on that line. So long 
as any particular assumption was fair to the single-phase system it 
. was immaterial, from his point of view, whether or not it exactly 


= corresponded with the conditions existing on the South London 
7 Elevated line. However, there were data available from which « 
: very good idea of the commercial results of the South London Ele- 


vated electrification scheme could be deduced, and these results 
indicated in the clearest possible manner that the railway compan) 
had as yet little cause for satisfaction in their venture. He proposed 
to demonstrate this by deducing from information which was perfectly 
authoritative in its essential and important particulars, 
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approximation to the profit and loss account of the electrified lines 
for the first six months of working. 

In February 1910, the Chairman stated that in the two months 
of December 1909 and January 1910 during which the elcctrie line 
had been open, the number of .passengers had increased by 440,536, 
or by 63 per cent, as compared with the corresponding months of 
the preceding year. Since 440,536 was 63 per cent of 700,000, it 
was seen that the total number of passengers during these 62 days 
was 1,141,000. At the meeting in July 1910, the increase due to 
electrification was given as 1? millions for six months. This works 
out at a total of approximately (3 < 700,000) + 1,750,000 = 3,850,000 
passengers for the six months, an increase of 83 per cent as compared 
with steam working, and as against an increase of 63 per cent for the 
first two months of electrical working. In order to carry these 
passengers, however, it would seem on the authority of the time 
table that as many as 217,270 train-miles were run, giving on the 
3,850,000 
217,279 
mile run. The number of trains as per the amended time table for 
 Sanuary 1 to June 30, 1910, worked out as follows: 


average = 17.7, or say 18, passengers carried per train- 
’ ) 


26 Sundays, 62 trains each (both directions).... 1612 train journeys 
| Good Friday, 62 trains (both directions) ..... 62 train journeys 
26 Saturdays, 159 trains each (both directions). 4154 train journeys 
128 ordinary week-days, 152 hours(both directions 19,456 train journeys 
25,264 train journeys 


25,264 train journeys of 8.6 mi................... 217,270 train-miles 
J y 


On page 50 of the report of the London Traffie Branch of the 
Board of Trade for 1909. Sir George Gibb was quoted as follows: 
“The average receipt per passenger carried by the nine urban railways 
in London only ranges between 1.45d. on the North London Railway 
Which is the lowest, and 2.03d. on the Central London Railway which 
is the highest of the group.” 

it was not stated which the other lines considered were, or whether 
the South London Elevated Railway was included, but an inspection 
of ‘he fare list on this line would indicate that the average fare did 
no’ exceed the highest of the above limits; in fact, it was very lenient 
to ‘he South London Elevated Railway to take it so high as 2d. per 
passenger. It might be noted that the most expensive weekly 
ticket was 2s. per 12 trips or 2d. per passenger. Thus the receipts 
certainly not more than 18 * 2 = 36d. per train-mile, and it 
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was much more probable that they were appreciably below this 
figure. In the following analysis he proposed to take the receipts at 
36d. per train-mile. 

In the Board of Trade Railway returns for 1909', the average 
receipts on the passenger trains of the London, Brighton & South 
Coast Railway were given as 56.7d. per train-mile. It might be said 
however, that since the electric trains comprised only three coaches 
they might be cheaper to work than the average steam-train. On 
the contrary, it appeared that they would not even be as cheap to 
work. The 1909 Board of Trade returns showed? that the average 
London, Brighton & South Coast train cost 39.87d. per mile to run. 
This 39.87d. was made up as follows: 


b Repairs and renewals of rolling stock...................... 3.18 
c Maintenance of way, traffic charges, general charges, rates, 


39.87. 


The third group of items in the above table was fairly independent 
of system. 

In the case of the electric trains, weighing 138 tons, let Mr. Daw- 
son’s figure be accepted for the amount of electricity to be paid for as 
being 85 watt-hr. per ton-mile. As they were not concerned with 
future prices, and as the lowest authentic and definite figure they had 
any warrant for accepting was the 0.75d. per kw-hr. given in Mr. 
Forbes’ evidence, they might take the price of power for the six 
months under consideration as at least 

0.085 & 138 X 0.75 = 8.8d. per train-mile. 
Mr. Chapman, late chief engineer of the Underground Electric 
Railways Company, of London, had arrived‘ at the figure of 0.6. 
per car-mile for the maintenance and repairs of the rolling stock of 
the Underground Electric Railways Company. But his normal 


trains averaged only => 0.86 of a motor and accompanying equip- 


> 


ment per coach, as against Fon 2.66 motors per coach on the South 


pu 
‘Board of Trade, 1909, p. 45. 
*Board of Trade, 1909, p. 49. 


*Philip Dawson in The Light Railway and Tramway Journal, p. 19. 


‘See F. W. Carter’s paper, 1D) lectrification of Suburban Railways, Par. 17. 
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London Elevated Railway. Thus the South London Elevated Rail- 


—— = 5.1 times as many motors per coach. Moreover, the 
0.86 

South London Elevated coaches were larger, their upholstery was 
more elaborate, and they were of a type more difficult to keep 


way had 


clean. Taking these factors into account, then even making no allow- 
ance for the fact that each single-phase motor and its accompanying 
equipment was much more expensive than the continuous-electricity 
apparatus on Mr. Chapman’s line, it was entirely out of the question 
that when the time arrived that the outlay for repairs and renewals 
had become steady, this outlay would be less than 1.5d. per car-mile,! 
or 4.5d. per train-mile. The drivers’ wages might be taken as ld. 
per mile at least. ‘The maintenance and renewal of line conductors, 
painting of gantries, renewal of insulators, bonds, ete., would certainly 
not be less than 2.5d. per train-mile. In addition to this, as shown 
in Mr. Carter’s paper (Par. 15), the extra capital involved in electri- 
fying the 8.6 miles of route burdened the scheme to the extent of 
6.4d. per train-mile on the initial service of 64 trains per day in each 
direction, and to the extent of 5.5d. per train-mile for the service 
for the six months under consideration, assuming that the original 
estimates had not been exceeded. Thus they had: 

d. per train-mile 


Repairs and renewals of equipment........................-4. 4.5 
Maintenance of conductor system ...................0-0seeeee 2.5 


Total 


corresponding costs with steam 
‘king, which were made up of 11.80d. for locomotive power plus 


iis might be compared with the 


‘In this connection considerable interest attached to the statement of the 
rman at the last February meeting of the London, Tilbury & Southend 
\ilway concerning electrical renewals. His statement was: The total cost 
aintenance and renewals of the service works out at 2.573 pence per car- 
for the half year. This possibly included maintenance of track conduc- 
but even then was higher than the author was assuming above for the South 
» lon Elevated Railway, although the London, Tilbury & Southend trains 

substantially the same as Mr. Chapman’s District Railway trains, and 
-o Was no reason to suppose that the maintenance of the expensive overhead- 
ictor system of the South London Elevated Railway would be nearly as 
3 that of the comparatively inexpensive third and fourth rails of the Lon- 
ilbury & Southend Railway. (See Railway News, February 5, 1910, p. 152.) 
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3.18d. for repairs and renewals of rolling stock, the sum of these two 
items being 11.80 + 3.18 = 14.98d. Thus the single-phase electric 
service cost, 22.3 — 15.0 = 7.3 more per train-mile, while the receipts 
were 56.7 — 36.0 = 20.7 less per train-mile, than for the averag: 
- steam-train. Moreover, if to the running costs there were added 
for maintenance of way, traffic charges, general charges, rates, taxcs 
and miscellaneous charges, the same average figure as was found for 
steam operation, namely, 24.9d., the total expenditure per train-mile 
became 22.3 + 24.9 = 47.2d. as against not more than 36d. receipts. 
Of course the traffic charges, general charges, rates, taxes, ete., would 
not be increased in proportion to the increased train-mileage, so 
that the 11.2d. per train-mile excess of expenditure over receipts 
corresponded to a fictitious rather than a real loss, but the deficit 
was altogether too large to be accounted for (much less turned to 
profit) by these considerations, and there was no doubt whatever that 
the first six months’ working of the electric trains had resulted in a 
very considerable actual loss to the railway company. 

This discussion was based entirely on present working of the 
South London Elevated Railway. It was not suggested or intended 
to suggest that it should be regarded as a full statement of the eco- 
nomic effects of electrification, nor was it suggested that the average 
figures he had quoted from the Board of Trade Returns necessarily 
applied to the suburban area. It was probable that with the exten- 
sion of the system, the average cost of electricity per kw-hr. would 
ultimately be reduced below the figure given by Mr. Forbes as 
the minimum London, Brighton & South Coast contract price, 
and the extension would doubtless somewhat reduce the burden of 
capitalization. On the other hand, the other three items of expen- 
diture, repairs and renewals of equipments, drivers’ wages, main- 
tenance of conductor system, would in all probability be greater 
than as above estimated. Thus while the above discussion was not 
presented as proving the failure of electrification on the system 
employed in the South London Elevated Railway, it might certainly 
be taken as proving that the time for elation had not yet arrived. 
The present economic position would seem such as ought not to be 
longer concealed from shareholders. Whilst the extension of tlie 
system might cover up the shortcomings of its inception and even 
ultimately result in a qualified success, it would take a high orde: of 
wisdom in the future handling of the situation to save it from being 
a distinct disaster from the shareholders’ standpoint. While a 


squandered quarter of a million was a driblet to a railway, similar 
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recklessness with a couple of million or more would not be without 
its ultimate effects on dividends. The difference in capital burden 
and running costs between the continuous-electricity system and 
the single-phase system, which would probably prove to be at least 
fd. per train-mile in the case of the South London Elevated line, 
might easily make all the difference between ultimate commercial 
success and failure in the London, Brighton & South Coast electrifi- 
The interest of shareholders appeared to be too easily lulled 
by general statements of increased traffic. Mr. Pomeroy stated in 
his paper (Par.191) that considerable increase of business is necessary 
before profit begins to be shown. The London, Brighton & South 
Coast Railway was merely shown to have secured an increased busi- 
ness, but nothing had been disclosed of a nature to indicate that the 


cation. 


increased business was remotely sufficient to pay for the cost of 
obtaining it. 

With regard to Mr. Williams’ suggestion that the author should 
extend his paper to bring the 1200-volt continuous-electricity system 
into the comparison, he would have been glad to do so, were it not 
that his contribution to the discussion had already unavoidably ex- 
ceeded the customary limits. But by showing that the single-phase 
system was greatly inferior to the 600-volt continuous-electricity 
system for the severe Southport service, and that it was also still 
considerably inferior even for the exceptionally easy South London 
Elevated service, he had by inference shown that the 1200-volt con- 
tinuous-electricity system would be found superior over a still 
greater range. In other words, wherever electricity could compete 
with steam-locomotive methods, the 600-volt continuous-electricity 
system was nearly always more economical than the single-phase 
system; but there were ultimately reached classes of conditions where, 
owing usually to the sparseness of the service, the steam-locomo- 
tive afforded the most economical means of propelling trains. The 
appropriateness of electrical methods extended further in this 
direction with the 1200-volt than with the 600-volt system. Still 
fur'her in the seale, the single-phase system excelled in economy 
the 1200-volt (or possibly even the 2400-volt) continuous-electricity 
sysicm, but by the time that point in the scale was reached, the steam- 
loco motive, so far as related to present developments, usually afforded 


the ‘rue eeonomie solution. 


1 aggregate length of route of about 800 miles was at present operating 
vr in hand for high-pressure continuous-electricity equipment. 
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Mr. Williams and also Mr. Parshall had touched upon an in- 
teresting point in calling attention to the low power-factor to 
the single-phase system. Mr. Dawson put the power-factor 
of his load at 81 per cent? and he doubted if it was any better 
than this figure. Putting on top of this the inferiority and greater 
cost of the single-phase generators in the supply station, and the 
one-third greater cost for conductors for transmitting a given amount 
of single-phase power at a given power-factor and at a given pressure 
between conductors, then it was seen that so soon as the engineers 
of electricity-supply undertakings realized more clearly than they 
yet did the effect on their costs of these three points in which single- 
phase was seriously at a disadvantage as compared with three-phase 
for transmission, their price for single-phase electricity at 0.8 power- 
factor, would go up by fully 15 per cent as compared with their 
price for three-phase electricity at unity power-factor, if the load- 
factor were the same in both eases. While polyphase electricity at 
unity power-factor and for a good load-factor, could, in bulk, and 
with reasonable prices for coal and water, be supplied to a consider- 
able distance at 0.5d. per kw-hr. delivered, and still yield a slight 
profit, this could not be said of single-phase electricity for the same 
load-factor and of only 0.80 power-factor. Although he had not 
introduced this point of difference into his comparisons, since he 


desired under the circumstances to favor the single-phase proposition 


as far as was reasonable, he would probably have been nearer the 
truth in debiting the single-phase system with at least a 10 per cent 
greater relative price than he did, owing to these further disadvan- 
tages as compared with asystem employing polyphase generation 
and transmission at unity power-factor. 

He had left Mr. Dalziel’s criticism to the last, but had had 
the intention to deal consecutively with each of the points he 
raised. Unfortunately it had been absolutely necessary to deal very 
precisely with the points raised by Mr. Scott and Mr. Dawson, and 
he did not care to take up more space than would suffice to dea! in 
a general way with certain of the points raised by Mr. Dalziel. It 
was plain from the paper which Mr. Dalziel read before the In-ti- 
tution of Civil Engineers last winter that it was the Siemens trains 
and not the Westinghouse train on which Mr. Dalziel desired to focus 
attention. Much less information was given with regard to ‘lie 
Westinghouse train. One could only conelude that the West) 2- 


2Proc. Inst.C.E., vol. 179, pt. 1, p. 128. paar ¢ — > 
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house train had proved less satisfactory than the Siemens train. 
Therefore he considered it desirable that he should take the Siemens 
train as the basis for his comparison. In the tender for the electrical 
equipments for the Heysham road, the clause on which much em- 
phasis was laid was to the effect that the motors would be required 
to have a temperature rise not exceeding 90 deg. fahr. (50 deg. cent.) 
after hauling the 3-coach train for six double trips from Heysham to 
Morecambe, Morecambe to Lancaster and return, to such a time 
table as to be fairly interpreted as that stated in his paper, namely 
31 miles per hr. and a stop about every 4 miles. The equipments 
would not be much good if they could not do other work than this, 
but this was the most normal and usual task required of them by 
the specification. The fundamental plan of his paper had been to 
take normal trains doing their normal and usual work, and to assume 
that they were appropriately designed for that work. Any specula- 
tions as to the possibilities of modifications would lead to hopeless 
confusion. 

Mr. Dalziel need have no misgivings as to the accuracy of this 
figure of 93 watt-hr. per ton-mile for the Piccadilly train. It was a 
strictly appropriate figure for the conditions in question. Mr. 
Dalziel’s figure of 63 watt-hr. per ton-mile for the schedule in question 
would be utterly insufficient and would, with reasonable acccleration 
and breaking, correspond to about 100 per cent efficiency of the 
equipment on the train as against an actual efficiency of some 70 per 
cent. On the occasion of his contribution to the discussion on Mr. 
Dalziel’s paper at the Institution of Civil Engineers last winter, he 
(Mr. Hobart) endeavored to make clear the distinction between the 
ability of an equipment to run for an hour or so with a given load 
and the ability to maintain the service uninterruptedly for, say, 18 
hours per day. It would appear that Mr. Dalziel had run his equip- 
ment intermittently with loads considerably in excess of the 31 miles 
per hr., one-stop-per-4-miles conditions, but he did not understand 
thai Mr. Dalziel had explicitly asserted that his loads had been 
more than 6 h.p. per ton of equipment when averaged over any 
con-iderable number of hours, not excluding lay-overs, and there was 
no | kelihood that he would make this assertion. 

1 conelusion, he would say that he agreed with Mr. Aspinall 
tha if, when, and wherever the single-phase system was developed 
toe point of being useful on main-line railroads, there would be 
ypreciable difficulties in using it in such cases in conjunction 
the use of the continuous-electricity system. It was precisely 


G 
3 
a oa 
‘ 
€ 
= - 
i 


O58 RAILWAY ELECTRIFICATION 


in this matter of flexibility that electrical methods excelled. Almost 
any desired transformation with respect to the precise kind of elec- 
tricity could readily be effected, and usually at high efficiency and 
reasonable capital cost. Thus the case for proceeding with a schem« 
of rigorous standardization was by no means urgent. In so far, 
however, as there should be any need for standardization, since the 
most extensive appropriate field for electrification was much more 
economically filled by the continuous than by the single-phase 
system, the former system was the one which should be standard- 
ized. 


W. B. Porrer said that it was recognized that the conditions 
‘assumed for a comparison of direct-current and alternating-current 
systems on an interurban railway, were such that the comparative 
economy of steam and electricity might be debated, but that they 
were within the scope of a number of electric railways in America. 
Asingle-track railroad 100 miles long with cars on one-hour headway, 
a schedule speed of 338 mi. per hr. and stops 3 mi. apart, should 
presumably be favorable to the single-phase equipment, and was for 
that reason selected for analysis. 

For Mr. Hobart’s information it might be stated that largely on 
account of snow it was the accepted practice in American interurban 
service to use four-motor equipments to ensure maintenance of 
schedule. The equipments considered for both direct-current and 
-alternating-current had four motors with natural ventilation. 
‘Furthermore, the single-phase cars were also equipped for direct-cur- 

~ rent operation, a condjtion which was very generally required in Ameri- 
ean practice. There were about 35 interurban railways in the 
United States operating at 1200 volts direct-current or single-phase, 
and of these, 22 were required to operate on 600-volt direct-current 
circuits. As affecting the traffic, it would have been advantageous 
for a number of the other roads to have been equipped for 600-yolt 
operation in their terminal cities. 

As to total cost of operation and maintenance, the electrifica’ ion 
items given under annual operation and maintenance (Table 21), 
were generally found to be about 45 per cent of the total opera‘ ing 

costs for 600 volts. The annual costs for the 600-volt system w: ul 
therefore be about as follows: 


i 
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Annual operation and maintenance... .................. $95,800 
Other . 115,200 


Total operating costs...... 
Annual fixed charges 


Total annual cost........ $292,200 
or approximately $0.27 per car-mile, which was a reasonable figure for 
American interurban service of the character considered. 

Mr. Hobart was right, he said, in saying that the power consumption 
and maximum speed selected was high for a theoretical time table of 
33-mi. per hr. with one stop in 3 miles on a straight and level track with 
test conditions. It should be borne in mind that the road considered 
was single track. There would therefore be two meeting points per 
hour. Allowing 1 minute for each meet and 20 seconds for each stop, 
the possible schedule speed on a straight and level track was calculated 
to be 36.6 mi. per hr. with a power consumption of 90 watt-hours 
per ton-mile not including electric power for heaters. This margin 
of 10 per cent in schedule time was a customary allowance to insure 
the proper performance of the time table, taking into account the 
variations in voltage, slow-downs for curves and incidental delays. 
Though the car was performing the high schedule speed while running, 
it was delayed a suffient amount of time so that the time table 
schedule only was performed. The power required was determined by 
the lower schedule speed and the energy by the higher. 

Mr. Seott stated that six cars in commission would be sufficient 
for the proposed service. The minimum number which would be 
used to maintain the proposed time table would be seven cars. Mr. 
Scott further said that he thought all would agree on one thing, 
namely that the figures given in the paper were excessive for the 
number of cars selected for the assumed service. By reference to 
Table 17, it would be seen that 18 cars were selected for the single- 
phase system. The number of cars was large for the theoretical time 
table, but was proportionally not greater than the average number 
owned by existing single-phase roads based on the average daily mile- 
age of all cars. 

Table 39 gave information from the time tables of 12 single-phase 
roa'sin America. The first line referred to the conditions assumed in 
the paper in Table 17, while the other twelve lines referred to the 
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With reference to Mr. Scott’s comments on the feeder copper, he said 
that the amount of feeder copper provided for the 1200-volt roads in 
the comparison was more than the average for many of the interur- 


TABLE 39 DATA FROM TIME TABLES 


Railroad 


Table Mile- 


Miles Single Track 
from Time Tables 
age divided by Total 
Time Table Mileage 


Divided by No. of 


Cars used for Time 
Cars in Service 


Approx. Speed 
Level Track, M1. 
Daily Car Mileage 
No. of Cars 

Actual Number 


Time 


From Table 17 


S 
S 
w 
S 


w 


to 


ban roads in America. Some specific information regarding the aver- 
age voltage drop in the direct-current line between Indianapolis and 
Muncie, a section of the Indiana Union Traction Company, was given in 
The Electrician,! as 17.5 per cent average voltage drop, whereas in the 
analysis sufficient copper had been used to limit the average voltage 
drop to 10percent. It was, of course, entirely possible torun a greater 
number of cars between sub-stations than the conditions assumed 
and the seriousness of the maximum momentary demand between 
stations was not as great as it might at first glance appear. ‘Twice as 
many cars might readily be operated. The increased service would 
result in slower acceleration, but would have little influence on the 
time table. 


GEORGE WESTINGHOUSE said that sinee he had not had_ the 
privilege of participating in the oral discussions and of rep!) ing 
at the time to some of the criticisms made thereon, he felt t! ita 


'The Electrician, London, October 16, 1903, p. 1041. 


ion 
24 55 390 
36 40 221 
} eee 22 45 746 124 186 
F tere 34 50 650 108 130 
15 55 480 120 240 
106 60 4800 200 436 
33 50 1400 117 280 
22 45 528 106 176 
20 45 650 162 325 
} 43 40 1100 (110 220 
: 
4 
‘ay 
at 
iy | 
| 
: 


CLOSURE BY GEORGE WESTINGHOUSE 


1061 
few closing observations might more clearly indicate his stated pur- 
poses in writing upon the electrification of railways. 

In a discussion on railway electrification by an engineering society, 
it was natural that special interest should be taken in comparing the 
respective characteristics of the several electrical systems. This was 
a most proper field for engineering discussion, as a full and free 
presentation of all facts at hand and a fair application of all available 
data to the large problem of a general electrification of railways, were 
most important. Sound engineering was fundamental to success and 
the mght time to determine what was best was before and not after an 
investment was made. 

It was not, however, his (Mr. Westinghouse’s) intention to, nor did 
the author, he believed, in any paragraph or sentence advocate any 
particular system of electrification, though the prominence given to 
the construction and use of single-phase apparatus, particulars con- 
cerning which were less well known than those concerning the contin- 
uous or direct-current systems which had been in long and extensive 
use, seemed to have led to the opinion in some instances that the author 
specifically recommended the adoption of the single-phase system 
as the standard for universal use. The phrase “universal use of a 
standard system” was meant to relate to areas or countries where the 
interchange of traffic had become a commercial necessity, and was not 
intended to imply that the same system should necessarily be adopted 
by the various countries between which there could obviously not 
be interchange of traffic. 

As many small electric central stations were being combined into 
large systems, and as city and suburban roads were being joined into 
interurban systems covering hundreds of miles, so undoubtedly 
would the local and terminal electrifications of steam railways be joined 
in the future, rendering a common system of the highest importance 
for economical and efficient operation. 

The fundamental requirements for electrically operated railways 
were stated in the paper to be as follows (Par. 224): 


f A-supply of electricity of uniform quality as to voltage and period- 
icity. 

g Conductors to convey this electricity so uniformly located with ref- 
erence to the rails that, without change of any kind, an electri- 
cally fitted locomotive or car of any company can collect its 
supply of current when upon the lines of other companies. 

h Uniform apparatus for control of electric supply whereby two or 

more electrically fitted locomotives or cars from different lines 

can be operated together from one locomotive or car. 
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Par. 225 qualified these requirements as follows: 


Outside of economy in capital expenditure, and economy and convenience 
in operation by steam or electricity, it matters not whether each locomotive 
and car and the apparatus upon them differ from every other locomotiy« 
and car in size or details of construction, so long as the constructions ar« 
operative and the materials employed are used within safe limits. 


In those countries having railways of comparatively light con 
struction with many heavy gradients and where speeds were moderate, 
the three-phase system, by reason of the less weight and lower cost 
of three-phase locomotives, would have advantages which might lead 
toits adoption. It was to be noted, however, that it would be practi- 
cable to operate locomotives and cars fitted with single-phase appa- 
ratus upon lines especially equipped for three-phase operation; that 
was to say, one of the overhead trolley wires could supply a single- 
phase current to one or more motors, or the two overhead wires 
could be used, one supplying single-phase current to one motor and 
the second overhead wire, current to a second motor; in other words, 
_ it would be possible to have a portion of the lines of a country fitted 
with single-phase apparatus and other portions fitted with three- 


the construction of the generating and transmission apparatus. 
_ The author recognized the generousness of the references made to 
his paper and the value of the remarks of the several speakers. He 
_ felt, however, that the impressions gained by Mr. Parshall from his 
comparatively short study of the use of single-phase apparatus on 


In speaking of the equipment of the Central London Railway sand 
the large number of sub-stations, Mr. Parshall appeared not to have 
- mentioned the important fact that the Board of Trade requirement 

limiting the drop in the earth return circuit to seven volts, results from 
the electrolytic effect of stray continuous currents upon metals in cle 

§ cagreute! to such circuits, whereas with the alternating current ‘lie 
electrolytic action was most generally considered a negligible quant: y, 
go that without a doubt the Board of Trade authorities would in (ue 
course so modify their requirements that the single-phase or thrve- 
phase alternating-current apparatus could be installed under conditivus 

- more in accord with actual necessities. It must not be overloo!ed 


; the New York, New Haven & Hartford Railroad must undergo a 
- very radical change as a result of a further study of the operations 
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that study and practical experience had rendered the use of alter- 
nating currents of very high voltage highly advantageous commer- 
cially with due regard to safety requirements. 

The author had been asked why several single-phase installations 
in the United States had been displaced by the substitution there- 
for, by the same manufacturers, of a 600 or 1200-volt direct-current 
system. He had been informed and believed that such an abandon- 
ment of single-phase apparatus was due primarily to the fact that 
the motors employed had not been thoroughly developed, and further- 
more, as it was necessary to operate the cars over direct-current city 
lines in a number of those cases, which placed certain limitations 
on the design of the motors and necessitated certain complications 
in the control apparatus, the wisdom of the original adoption of 
single-phase apparatus was open to serious question. 

In one case, one-half of the route was over a direct-current line 
and in another case the cars were operated in different portions of 
the route by a single-phase trolley; by an ordinary direct-current 
trolley, and by a direct-current double trolley (the second wire being 
used instead of the track return), and it was further desired to operate 
on another portion of the line having direct-current underground 
conduits. Obviously, in such cases, the necessity of operation with 
complicated equipments over the direct-current lines introduced 
difficulties which might go far to overbalance the advantages of the 
use of the single-phase system on the cross-country lines. As the 
result, the delays and expensive maintenance charges caused dis- 
satisfaction on the part of the railway companies, and the replace- 
ment of the apparatus resulted. In all of these cases, motor cars 
only were involved, there being no locomotives, and therefore these 
changes had little or no bearing on steam railway electrification. 

These substitutions were quite unimportant as compared wilth the 
decision of the New York, New Haven & Hartford Railroad Company 
which had employed single-phase apparatus on the largest scale and 
in the most severe service, to operate with single-phase apparatus 
all of the trains, passenger and freight, through the Hoosac tunnel, 
to -xtend the single-phase equipment to its six-track Harlem River 
Branch for the operation of its freight as well as its passenger service, 
thus operating all trains west of Stamford by electricity, and to equip 
the New York, West Chester & Boston Railroad, which had physical 
con: ection with the New Haven road at New Rochelle, with single- 
pha © 11,000-volt apparatus. 

I: conelusion the author again e arnestly recommended to the atten- 
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tion of those charged with the responsibility of directing initial 
installations the need of determining the system which admitted of 
the largest extensions of railway electrification, in recognition of the 
conditions which will arise in the future. The fact that it might be 
difficult to reach a decision did not lessen the importance of having 
a single system, nor would the likelihood that diversity might be the 
actual outcome in some cases make the confusion less unfortunate 
when the problem of common operation arose in the future. The 
conditions should be clearly understood, and the initial work should 
not be undertaken without recognizing the larger future problem, 
and the costly consequences of errors made now. 
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No. 1294 
MEETINGS OCTOBER-DECEMBER 
NEW YORK MEETING, OCTOBER 11 


At thebNew York monthly meeting of the Society on October 11, 
a paper was presented by Frank B. Gilbreth, on Fires: Effects on 
Building Materials and Permanent Elimination. The paper was 
discussed by J. P. H. Perry, H. deB. Parsons, Ira H. Woolson and 
I. A. Waldron, the lantern being used by each to illustrate his remarks; 
also by P. H. Bevier and Wm. D. Grier. Written discussion was 
offered by E. E. Seyfert, Chas. T. Main and C. A. P. Turner. : 


SAN FRANCISCO MEETING, OCTOBER 14 -_ 


At a meeting in San Francisco, held on October 14, the members 
of the Society resident in San Francisco and the vicinity gathered to 
effect an organization. Calvin W. Rice, Secretary, went out from 
New York to represent the Council at this meeting and to assist in 
these initial steps. A. M. Hunt was elected Chairman of the Com- 
mittee on Meetings in San Francisco, and T. W. Ransom, Secretary. 
W. F. Durand, E. C. Jones and Thomas Morrin were chosen to con- 


stitute the Executive Committee. 


ST. LOUIS MEETING, OCTOBER 15 


a 


\t the meeting of the Society in St. Louis on October 


15, the 

‘izineers Club participating, a paper by Frank B. Gilbreth, on 

s: Effects on Building Materials and Permanent Elimination, 

\s presented. W. H. Bryan presided and in the absence of the 

wor the paper was presented by E. L. Ohle, Mem. Am. Soc. M. 

and was discussed by E. D. Meier, A. A. Aegerten, James Water- 

‘h, H. W. Hibbard, W. H. Bryan, R. W. Maxton, G. R. Wadleigh, 

''. Greensfelder, J. E. Conzelman and Geo. M. Peek. Written 

‘issions by Chas. T. Main, C. A. P. Turner and I. H. Woolson 
read, 
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BOSTON MEETING, OCTOBER 19 


A meeting of the Society in Boston on October 19 was conducted 
by the Boston Society of Civil Engineers, the Boston Section of the 
American Institute of Electrical Engineers coéperating. Prof. 
Thomas A. Jaggar presented a paper on An Account of the Destruc- 
tion of Carthego, Costa Rico, by Earthquake, on May 4, 1910, and 
Chas. M. Spofford, Member of the Boston Society, and Frank B. 
Gilbreth, Mem. Am. Soc. M. E., discussed the effects of earthquakes 
on different classes of structures. By means of lantern slides a 
number of views of the destruction caused by earthquakes in Carthego 
and elsewhere were shown. 

NEW YORK MEETING, NOVEMBER 9 
« & 

At the New York monthly meeting on November 9, the first half 
of the session was devoted to a paper on The Rotary Kiln, by Ellis 
Soper, read by R. C. Carpenter in the absence of the author. The 
paper was discussed by R. K. Meade, W.3S. Landis, H. E. Brown . 
and Mr. Ruggles. 

Following this, an address upon the Panama Canal was made by 
Charles Whiting Baker, who discussed the methods used in carry- 
ing on the construction work at the canal, illustrating his talk with 
pictures taken at the time of his visit in 1909, as a member of 
the engineering commission appointed by President Roosevelt. Mr. 
Baker said that the Canal is to be regarded as a problem in trans- 
portation as, in fact, practically everything is a problem of this type. 
Things are not made or manufactured, but one sort of materia! is 
merely taken from one place and put into another. The digging of 
the canal is easier and simpler than the carrying away to a distance 
of several miles of the material dug out by the great steam shovels, 
which remove 5 cu. yd. ata movement. But even this is cheaper than 
to pile the material on the high banks of the canal. 

A greater problem, even, than this one of the removal of eart!: is 
the caring for the big working force of 30,000 laborers and 5000 
skilled workmen, comprising over a score of different nationalities 
and all social grades. Moreover, everything needed to build the 
canal—tools, machines, cars, locomotives, lumber,—and to make 
comfortable the great force of men and their families, had to be 
brought 2000 miles. 

The engineers at the Canal had taken up many of their bur «ns, 
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not through choice, but necessity, for conditions had to be met as 
they arose, and they should rather be honored than criticised for 
their achievements, by none more than by their professional brethren. 


BOSTON MEETING, NOVEMBER 10 


A monthly meeting of the Society in Boston was held on Novem- 
ber 10, with the Boston Society of Civil Engineers and the Boston 
Section of the American Institute of Electrical Engineers coéperat- 
ing. After a brief business session, a topical discussion on Smoke 
Abatement was opened by Dwight T. Randall, Mem.Am.Soc.M.E., 
who made a statement of the case as applied to New England. 
He was followed by E. G. Bailey, Frederick H. Keys, Charles H 
Manning, Henry Bartlett, George H. Barrus, John T. Hawkins and 


C. H. Bigelow. 


1 tart? 
LOUIS MEETING, NOVEMBER 12. 


A iiein of the Society in St. Louis was held on November 12. 
At the conclusion of dinner, the meeting was called to order by Wm, 
H. Bryan, Chairman of the Committee on Meetings in St. Louis 
On motion the present committee, consisting of Wm. H. Bryan 
M. L. Holman, E. L. Ohle, F. E. Bausch and R. H. Tait, was re- 
elected for one year, subject to the approval of the Committee on 
Meetings of the Society and of the Engineers Club of St. Louis, 
with whom meetings are usually held. The method heretofore 
followed in the conduct of local meetings was approved, and it was 
voted that for the present the meetings continue to be conducted 
jomtly with the Engineers Club of St. Louis. A general discussion 
of local business followed. 


BOSTON MEETING, DECEMBER 16 


A slilin of the Society in Boston was held on December 16, 
with the coéperation of the Boston Society of Civil Engineers and 
of the Boston Section of the American Institute of Electrical Engi- 
necrs. After the transaction of business, Samuel B. Fowler, Mem. 
At..soe.M.E., presented his paper on the Mechanical Handling of 
Froight, and the various phases of the situation were discussed by 
1D). 3. Rushmore, C. W. E. Clarke, Ernest W. Day, F. W. Hodgden, 
RK ti. Rogers, R. E. Curtis, George H. Eaton and G. T. Sampson. 
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SAN FRANCISCO MEETING, DECEMBER 16 


The first professional meeting of the Society in San Francisco was 
held on December 16, with Pacific Coast Practice in the Use of Crude 
Petroleum as Fuel, as the subject of a topical discussion. The 
following brief papers were presented: Present and Future Supply 
of Petroleum as Fuel on the Pacific Coast, by Arthur F. L. Bell, 
with the Associated Oil Company, San Francisco; Relative Heating 
Value of Light Oil as Compared with Heavy Oil, by J. N. Le Conte; 
Comparison of Evaporative Value of Oil and Coal, by C. F. Wieland; 
Furnace Arrangements for Using Oil as Fuel under Boilers, including 
the Subject of Air Requisite for Proper Combustion, by C. R. 
Weymouth; Practice as to Size of Stacks with Oil Fuel, K.G. Dunn; 
Marine Use of Fuel Oil, by J. H. Hopps; Atomization of Oil Fuel, 
including the Subject of When and Where the Use of Compressed 
Air is Justified or Required, by A. M. Hunt; Present Status of the 
Manufacture of Producer Gas from Crude Oil, by E. C. Jones. 
Because of the length of the papers, the general discussion was 
deferred until the next meeting. 
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THE ANNUAL MEETING _ 


The thirty-first annual meeting of the Society was held in the 
Engineering Societies Building, December 6 to 9, with an attendance 
of 633 members and 410 guests. This year the arrangements for 
the entertainment features of the program were in the hands of 
the newly-appointed Committee on Meetings of the Society in New 
York, Walter Rautenstranch, Chairman, and as a result of their 
efforts the visiting members and guests were afforded a thoroughly 
enjoyable time, with excursions of unusual interest. The reception 
given by Mr. and Mrs. Westinghouse on Thursday afternoon and 
the lecture by Dr. Georg Kerschensteiner were largely attended, as 
were the usual evening receptions, and brought out many expressions 


of commendation for the excellence of the arrangements. 


PROGRAM 
OPENING SESSION 
Tuesday, December 6, 8.30 p.m., Auditorium : 


THE PRESIDENT'S ADDRESS 


George Westinghouse, President 


ELECTION OF OFFICERS 
{ 


‘Report of Tellers of Election of Officers and introduction of the 
President-elect, Col. E. D. Meier. 
RECEPTION 
‘The President and President-elect and Honorary Secretary Hutton, 
With their ladies, received the members and guests in the rooms of 
the Society. Musie and refreshments followed the reception. 
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BUSINESS MEETING 


_ Wednesday, December 7, 10 a.m., Auditorium 
Annual business meeting. 


Reports of the Council, Tellers of 
Election of membership, standing and special committees. Amend- 
ment of charter. New business. 


PROFESSIONAL SESSIONS 


Tar Mersrinc ENGLAND: Reports by the Honorary 
Secretary and the Secretary. 
Tue TRANSMISSION OF Herat IN SURFACE CONDENSATION, George 


A. Orrok. 


Discussed by W. F. M. Goss, W. D. Ennis, Wm. Kent, H. H. Suplee and 
Thomas C. McBride. 


aaa Wednesday, 2 p. m., Auditorium 


STEAM ENGINEERING 


CoMBUSTION AND BoiLer Erricrency, Edw. A. Uehling. 


Discussed by C. H. Bathgate, W. D. Ennis, Wm. Kent, D. 8S. Jacobus, J. ©. 
Parker, A. W. K. Billings and H. C. Abell. 


Automatic ConrrRoL oF CONDENSING Water, B. Viola. 


Discussed by C. H. Baker, G. Dinkle, W. C. Shallcross and E. D. Dreyfus. 
Test or A 10,000-Kw. Stream TurRBINE, Sam. L. Napthaly. 
Test oF A 9000-Kw. TurBO-GENERATOR Ser, H. Varney. 


Both papers discussed by J. W. Lawrence, D. S. Jacobus, I. E. Mouitrop, 
G. A. Orrok, E. D. Dreyfus, F. Hodgkinson, R. J. S. Pigott, W. L. R. Emmett 
and W. L. Waters. 


Nores ON THE VALUE OF NAPIER’S COEFFICIENT WITH SUPER- 
HEATED STEAM, Isaac Harter, Jr. 


_ Discussed by H. E. Longwell and R. C. H. Heck. 
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REUNION 
4 = 
Wednesday, 9 p.m., Hotel 


_A reunion of the membership of New York in honor of the newly 
elected officers and visiting members of the Society, their ladies and 
guests was held at the Hotel Astor. Dancing and refreshments 


followed the reception. ae 
PROFESSIONAL SESSIONS 
Thursday, December 8, 10 a.m., Auditorium 
UA New Treory or Bett Drivina, Selby Haar. 


Discussed by Carl G. Barth, G. N. VanDerhoef, H. G. Reist, A. F. Nagle, 
H. Emerson, G. I. Rockwood, F. W. Taylor, T. M. Phetteplace and Wm. Kent. 


A GrapuicaAL MErTHop FoR CALCULATING STRESSES IN A CON- 


NECTING Rop,Winslow H. Herschel. of? 
Discussed by L. L. Willard and C. G. Lanza. 


Reginald P. 


OPERATING CONDITIONS OF PASSENGER ELEVATORS, 
Bolton. 


Discussed by Emanuel Hollander. 


-Mopern Manuracrure, M. B. Kaven and J. B. Hadaway. 


Discussed by E. J. Quinlan, E. Robinson and R. H. Long. 
Thursday, 2 p.m., Auditorium 


MACHINE SHOP 


‘Tur Fretp ror GRINDING, C. H. Norton. 
Precision GriInpDING, W. A. Viall. 
\lopeRN GrinpING Metnops, B. M. W. Hanson. 


Discussed by W. L. Bryant, H. A. Richmond, G. M. Jeppson, Henry Hess, 
H. M. Leland, A. L. DeLeeuw, Oberlin Smith, O. Junggren and J. W. Cole. 


——- Thursday, 2 p.m., Sixth Floor 


Ss GAS POWER SECTION 


Reports of committees and election of officers. 


usiness meeting. 
Gas Power DEVELOPMENT, James R. 


iairman’s Address: 
Bibbins. 
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First Gas EnGine INSTALLATION IN AMERICAN STEEI 
Works, E. P. Coleman. 


Discussed by Joseph Morgan, W. A. Bole, G. A. Orrok, E. A. Uehling, 
C. W. Baker, E. D. Dreyfus, E. E. Kiger, G. C. Conlee and Louis Doelling. 


Nores oN A Heavy-Duty Gas Nisbet 
Diseussed by W. B. Chapman, W. E. Winship — L. B. Lent. | 


Thursday, 4 to 6 p.m., Hotel St. Regis 


Mr. and Mrs. Westinghouse received the members of the Society 
and their guests. 
ADDRESS 


Thursday, 8.15 p.m., Auditorium as |, 


The National Society for the Promotion of Industrial Education, 
the American Institute of Mining Engineers, The American Society 
of Mechanical Engineers, and the American Institute of Electrica! 
Engineers coéperating. 

INDUSTRIAL CONTINUATION SCHOOLS OF Municu, Georg Kerscli- 
ensteiner, Supermtendent of Schools, Munich. Illustrated |), 
lantern slides. 


Friday, December 9, Morning and Afternoon 


Excursions to points of engineering interest. Fred H. Colvin. 
p 
Chairman, Committee on Excursions. 


ORGANIZATION OF COMMITTEES 


EXECUTIVE COMMITTEE 
COMMITTEE ON MEETINGS 
W. E. Haut, Chairman 


W. H. Bryan | C.E. Lucke H. B. Parson 
L. R. Pomeroy 


mote MEETINGS OF THE SOCIETY IN NEW YORK 
wiedi, 


WALTER RAUTENSTRAUCH, Chairman 
F. A. WatpRon, Treasurer 
H. Cotvin Epw. VAN WINKLE R. V. Wricat 
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Sub-Committee on Finance « 


F. A. WaLpRoN, Chairman 
W.C. ALLEN J. W. Lres, Jr. W. H. MarsHatu 


W. L. Cuark F. R. Low F. J. 
H. N. Covet W. M. McFartanp H. R. Towne 


COMMITTEE ON ENTERTAINMENT 


Epw. Van WINKLE, Chairman 


4 


Sub-Committee on President’s Reception 


C. W. ArKen, Chairman = 
R. S. ALLYN S. D. CoLierr ALFRED NOBLE 


C. W. BAKER W. C. DickKERMAN W. P. PressIncerR 
Francis Blossom L. G. FRENcH R. W. Pryor, Jr. 
W. H. Bristou W. E. B. V. SwENSON 
R. BrucKNER H. A. Hey I. H. WooLson 
W. H. B. LANGE R. V. Wricur 
H. R. J. W. Lies, Jr. W. Wyarr 

F. J. MILLER 


: Sub-Committee on Reunion 

R. 8. Atuyn, Chairman 

C. W. AIKEN C. R. Puacge E. A. STEVENS 

H. L. Gantr C. R. Ricwarps A. F. 

A. GorTzE E. W. J.S. THomson 

L. G. FreENcH A. SCHEFFLER REGINALD TRAUTSCHOLD 


D. H. Haywoop W. L. Suicurer Epw. VAN WINKLE 
M.S. Hurron hk. A. SPERRY F. A. WALDRON © 


Frep H. Cotvin, Chairman 
?, ALFOR W. T. DoNNELLY S. B. RepFieLp 
W. CHRISTIE W. J. Kaue E. H. 
CLARKE L. B. Lent W. YEREANCE 
Joun PLarr 


COMMITTEE ON EXCURSIONS 


ACQUAINTANCESHIP COMMITTEE 
Tuesday 


R. V. Wricut, Chairman 
Afternoon Evening 


Bovron, Sub-Chairman F. V. Hensuaw, Sub-Chairman 
H. R. Cosieicu 
ILSLEY C. W. Osert 
. KINKEAD L 


. A. SHEPARD 
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Wednesday 
Morning re Afternoon 
F, E. Rogers, Sub-Chairman C. W. Baker. Sub-Chairmun 
W. T. DonNELLY H. D. Gorpon 
F. A. ERRINGTON S. H. Lippy 
ARTHUR FALKENAU J. W. NELSON 
 W.R. Huuserr H. G. Torrey 
Thursday 
Morning Afternoon 
H.L. Gant. Sub-Chairman Jesse M. Smitu, Sub-Chairman 
R. E. Fox, Jr. _E. H. Berry 
L. B. Lent F. A. Hausey 
E. F. MutHer J.M.B.Scureve 
N. B. Payne F. A. SCHEFFLER 
G. B. Preston HoseA WEBSTER 
Evening 
F. R. Low, Sub-Chairman 
L. P. ALForD E. B. Katte 


GEORGE DINKEL E. H. Nerr 
Gro. A, ORROK 


BUREAU OF INFORMATION 


4 WALTER RAUTENSTRAUCH, Chairman 


» 


LADIES’ RECEPTION COMMITTEE. a 


Mrs. Hersert Grey Torrey, Chairman 
Mrs. H. C. ABELL Mrs. G. S. Humpurey Mrs. EF. N. 
Mrs. L. P. ALForp Mrs. C. W. Hunt Miss M. R. ScHEFFLER 
Mrs. G. H. BARBOUR Mrs. F. R. Hutron Mrs. Jesse M. 
Mrs. A. R. Bayis Mrs. P. C. IpELL Mrs. J. P. SNEDDON : 
Mars. E. H. Berry Mrs. D.S. Jacopus Muss JEAN SNEDDON 
Mrs. Wo. H. Mrs. J. A. Mars. H. H. SupLee 
Mrs. R. P. Bouron Mrs. G. L. Knieur Mrs. Epw. VAN WINKLE 
Mrs. Epwarp CIArRDI Mrs. J. W. Lies, Jk. Mrs. Geo. WESTINGHOUSE 
Mrs. H. E. Cooke Mrs. Frep R. Low Mrs. H. H. WestTInauouse 
Mrs. H. Emerson THe Misses Meter Mars. S. E. WHITAKER 
Mrs. G. L. Fow.er Mrs. C. W. OBERT Dr. Lucy O. Wicutr 
Mrs. F. J. GuBELMAN Mrs. G. A. OrROK Mrs. W. H. WILEY 
Mrs. Wiuis E. Han Miss EvGEenig Price Mars. Jas. Epw. 
Mrs. F. A. HAtsEy Mrs. C. W. Rice Mrs. I. H. WooLson 
Mrs. H. F. HoLtoway Mrs. W. F. ZIMMERMANN 


Chairman Committees for the Several Days 
Tuesday afternoon . JoHN W. Lies, Jr. 
Mrs. Epwarp VAN WINKLE 
Wednesday afternoon Mrs. Jesse M. Smita 
Thursday morning .C. W. Hunt 
Friday morning . James Epwarp WILs0N 
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Executive Committee 


as 
6 


Mrs. Hersert Gray Torrey, Chairman 
Mrs. G. S. HumpHreY Mrs. J. W. Lies, Jr. Mrs. GEO. WESTINGHOUSE 
Mrs. C. W. Hunt Mrs. Jesse M. Smitu Mrs. Jas. Epw. WILsoNn 
Dr. Lucy O. Wicutr Mrs. Epw. VAN WINKLE Mas. I. H. WooLson 


Ladies’ Guides 


Dr. Lucy O. Wiaeut, Chairman 
Mrs. H. C. ABELL Mrs. Epwarp CIARDI Mrs. C. W. OBERT 
Mrs. L. P. ALrorp Mrs. G. S. Humepurey Mrs. J. P. SNEDDON 
Mrs. W. H. Borum Mrs. G. L. KNiautT Mrs. 8S. E. WHITAKER 
ACCOUNT OF THE MEETING 


The Annual Meeting was formally opened on Tuesday evening 
with the President’s reception. As on the year previous, this was 
held in the rooms of the Society, which are well adapted to a gathering 
of this kind and are most attractive with their new furnishings and 
decorations. At the session in the auditorium the presidential address 
was read by the retiring President, George Westinghouse, which com- 
prised an account of the conception and development of the air- 
brake which has constituted so large a part of the life-work of Mr. 
Westinghouse and has made possible the wonderful advance through- 
out the world resulting from modern transportation facilities. Follow- 
ing the address, George A. Orrok for the Tellers of Election of Officers 
announced the names of the new officers for the coming year, 
consisting of E. D. Meier, President; George M. Brill, E. M. Herr, 
H. H. Vaughan, Vice-Presidents; D. F. Crawford, E. B. Katte, Stanley 
G. Flagg, Jr., Managers. F. R. Hutton and Alex. C. Humphreys 
escorted the President-elect to the platform, Dr. Humphreys intro- 
ducing him with a few words of appreciation, to which he responded 
as follows: 


[ appreciate fully your kind confidence in bestowing on me the highest 
honor which can come to an American engineer, and the grave responsibil- 
ity its acceptance imposes. But it is one of the glories of our noble profession 
that it gives great opportunities for service to our fellowmen; and duty well 
done is its own best reward. This is strongly impressed on me by the simple, 
modest story your retiring President has just read to us, but which commemo- 
rates one of the most valuable services rendered to the whole civilized world 
in this age of engineering. 

‘cmembering that his life work came after his youthful patriotism had 
rendered service in our old navy, I will remind you that while life lasts the old 
army boys are just as ready for duty as the tars; still we two are perhaps the 
last of the boys of the early sixties on whom you can confer this honor. 
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At the reception in the rooms the members and guests were received 
by the President and Mrs. Westinghouse, President-elect Meier, the 
Misses Meier, Honorary Secretary Hutton and Mrs. Hutton, and the 
Se-retary. Music and refreshments added to the pleasure of the 


Business WEDNESDAY MorninG, DECEMBER 7 


The first professional session opened with the annual busine-s 

meeting, President E. D. Meier in the chair. The Secretary read the 

_ report of the Tellers of Election to Membership, including 131 «p- 
plicants for membership and 16 for advance in grade. This list 
appears in the Annual Report of the Council. 

Worcester R. Warner, reporting on the status of the Land ani 
Building Fund, said that $88,920.03 had been received to date, leavy- 
ing $85,765.03 to be raised. Mr. Warner supplemented his recital! of 
the figures by an account of the efforts of the Committee in secur- 
ing contributions. One firm which had previously contributed $1000 
added an equal amount and a check for $500 from the president of 
the company. There were other instances of generous contributions 
and certain of them, though of considerably smaller amount, came 
from members who must have made a personal sacrifice. Many, 
however, have not contributed at alland still others have sent contri- 
butions which it is hoped will be supplemented by additional 
amounts. 

The President then announced that the discovery had recen‘| 
been made of a slight discrepancy in the charter under whic!) ‘he 
Society now acts, relating to the date of the Annual Meeting. The 
matter was referred to the Committee on Constitution and By-Laws, 
who had drawn up a certificate to be voted upon by ballot at the 1 :eet- 
ing anc to be filed with the Secretary of State to the effect tha’ it is 
intended to amend the present articles of incorporation and to make 
them conform with the Constitution. Jesse M. Smith read the 
certificate for the Committee and moved the adoption of the follow- 
ing resolution, which was seconded by W. F. M. Goss. 


Whereas, The annual meeting of this Society has been for many years begun 
on the first Tuesday of December of each year; and 

Whereas, The Constitution and By-Laws of the Society provide thst the 
annual meeting shall begin on the first Tuesday of December in each year: ant 

Whereas, The Constitution and By-Laws provide for, and the ele: tn of 
officers has been, for many years past, by letter-ballot, cast prior to the be- 
ginning of the said annual meeting; and 
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Whereas, Upon the consolidation of this Society with the Mechanical Engi- 
neers’ Library Association in 1907, the agreement of consolidation inadvert- 
ently provided that the annual election should be held on the second Tuesday 
of December in each year; and 

Whereas, The Society has, in each year since that date, had it annual elec- 
tion by letter-ballot prior to the beginning of the said annual meeting, and 
has begun its annual meeting on the first Tuesday of December in each year, 
both in accordance with the Constitution and By-Laws of the Society; and it 
is the desire of the members that the annual meeting and annual election should 
be held in accordance with the said Constitutions and By-Laws; 

Now, therefore, be it resolved, That the time of beginning the annual meeting 
of this Society and the time and manner of holding the annual election of officers 
of the Society, be changed from the second Tuesday of December in each year, 
and be held at such time and in such manner as shall be provided in the Consti-_ 
tution and By-Laws of the Society. 


After the resolution had been debated the Chairman a ® 
tellers of the vote, for whom I. E. Moultrop announced that the resolu- 
tion had been duly carried. 

IF. R. Hutton called attention to the need in this country of an ade- 
quate museum of engineering in which could be recorded the develop- 
ments in engineering processes through models and apparatus, refer- 
ring to the museum at Munich as an example of what could be accom- 
plished. Several others followed emphasizing in their remarks the 
benefits to be derived from such museums and referring to similar 
institutions in Europe, especially that at Munich. President E. D. 
Meier stated that over $4,000,000 had been received to erect a build- 
ing for the exhibits contained in the Munich museum, and this in 
the small country of Bavaria. Attention was called to the efforts of 
the Smithsonian Institution in this direction. The Secretary stated 
that a room in the Engineering Societies Building was available for 
the beginning of such a museum. 

Frank B. Gilbreth said, that as it was in order to make suggestions, 
he wished the Society would consider the advisability of a central 
bureau for the collection and preservation of data relating to scien- 
tific management. The work involved in the obtaining of original 
data seems an unnecessary expense and there should be a central 
bureau on the same plan as the government bureaus, where the results 
of investigations of others can be placed at the disposal of any who 
apply. C. E. Luecke of the Committee on Meetings said that his Com- 
mittee had this particular question under consideration with plans 
relating to it and had recommended the appointment of a special com- 
mittee to take up all these relating subjects. 
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President E. D. Meier then referred to the address of the retiring 
President, George Westinghouse, given on the previous evening, in 
which was told the history of the great invention which had covered 
the entire world and made the name of Westinghouse known wherever 
an iron wheel rolls on a steel rail. — aman considers himself 
an inventor when he brings out an idea. That is the first step and 
the next is to embody the idea in practice. Here difficulties arise 
such as Mr. Westinghouse referred to so easily, almost playfully, but 
which were actually very grave. If he had not been a man of power- 
ful physique, he would not have been able to carry through his under- 
taking. The great inventor is not the one who has the first idea, as 
the public sometimes imagines, but one who works continuously 
through years of time for the perfection and application of the idea. 

That is essentially the work of the engineer, and engineers can be 
proud of their contribution and of the fact that the whole progress 
of the world for the past fifty years has depended on the engineer in 
one way or another. 

James M. Dodge followed with a motion of a vote of thanks 
to Mr. Westinghouse for his admirable and interesting address, which 
was unanimously carried by a rising vote. 

The President then referred to the sad announcement which he 

_had made on the previous evening, of the sudden death of William H. 
Bryan, Chairman of the Committee on Meetings of the Society in St. 

Louis, who had risen to distinction in the engineering world through 

_ his own energy and ability. He was a personal friend with a wide 
acquaintance in the Society and had recently passed through a strenu- 

ous competitive examination for the appointment as Chief Engineer 
for the School Board of the City of Chicago, as a result of which he 
had won the appointment. 

L. R. Pomeroy of the Committee on Meetings of the Society, of 
which Mr. Bryan was also a member, offered the following resolution 
of condolence which was unanimously passed: 


Resolved: That the members of The American Society of Mechanical Fngi- 
neers assembled in Annual Meeting, having heard of the death of their fellow- 
member, William H. Bryan, hereby express their sense of loss, appreciation of 
his services to the Society, and sympathy for his family. — : 


It is further 
Resolved: That a copy of this resolution be sent to his family. 


John A. Brashear asked for suggestions from members of ‘he 
Society regarding the Carnegie Technical Schools at Pittsburgh. ‘The 
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original intention of Mr. Carnegie was that the schools should be for 
the education of young men and young women who worked for their 
living, but that the institution had grown until it had taken a high 
rank among technical institutions. There are now 2250 students with 
a waiting list of 2500. The schools have the support of trade unions 

which have recently contributed $35,000 towards the work. 

Dr. Brashear said also that he had recently had a quarter of a mil- 
lion dollars placed in his hands by a citizen of Pittsburgh for the 
betterment of teaching and teachers in the public schools, and that 
when members of the Society went to Pittsburgh they should not 
think of its smoke alone, but of the efforts which were there being made 
to give workers a chance to earn a livelihood, to learn something and 
to be helped to positions of usefulness. One of the most beautiful 
things in this world is to help our fellowmen and only by this means 
will our work be well done. 

The President asked that any who had suggestions to make regard- 
ing the place for the Spring Meeting should express their preference 
to members of the Committee on Meetings while in attendance at the 
Annual Meeting, and said that it would be agreeable to many if the 
next one-could be held in the West, in view of the fact that the last 
two Spring Meetings had been held in the East. 

James M. Dodge, Chairman of the Committee on Public Relations, 
said that whereas other committees of the Society were working for 
the development. of the Society itself, his committee had been ap- 
pointed to look after the welfare of the profession at large. The work 
was but just beginning, the committee would gladly receive sugges- 
tions, and hoped to report substantial progress at the next meeting. 
One question under consideration was that of licensing engineers. 
[t is not a simple problem, owing to the fact that there are both 
graduate engineers, so-called, and those who are graduated from the 
school of experience. 

Dr. Hutton followed with an invitation to visit the Museum of 
‘Safety in the Engineering Societies Building. 


a PROFESSIONAL SESSION, WEDNESDAY MORNING 


following the business meeting the Honorary Secretary and the 
Secretary presented reports of the Joint Meeting of the Society with 


Toc Institution of Mechanical Engineers, held in Birmingham and 
london in July 1910. These reports are published elsewhere in this 


\ume of Transactions. 
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They were tollowed by George A. Orrok who presented his paper on 
The Transmission of Heat in Surface Condensation, dealing with the 
results of 771 heat transmission tests made on 16 kinds of eonden- 
ser tube under the various conditions of condenser practice. The 
conclusions drawn by the author from these and other tests include a 
statement of the law of heat transmission in condenser practice, 
with reference to mean temperature differences, velocity of cooling 
water, effect of air leakage and effect of the material of which the tube 
is made. The paper was discussed by W. F. M. Goss, W. D. Ennis, 
Wm. Kent, H. H. Suplee and Thomas C. MeBride. 


PROFESSIONAL SESSION, WEDNESDAY AFTERNOON” 


The session of Wednesday afternoon was devoted to papers on 
Steam Engineering. 

The first paper presented was by Edw. A. Uehling on Combustion 
and Boiler Efficiency, and maintained that the efficiency of the 
steam generator depended on conditions far more complex than the 
steam engine or dynamo. The importance of knowing the percentage 
of COz in the flue gas and the stack temperature, which are the con- 
trolling factors in steam boiler economy, were particularly dwelt upon. 
The paper was discussed by C. H. Bathgate, W. D. Ennis, Wm. 
Kent, D. 8. Jacobus, John C. Parker, A. W. K. Billings and H. C. 
Abell. 

This was followed by a paper on the Automatic Control of Con- 
densing Water, by B. Viola which gave particular attention to 
barometric counter-current condensers in connection with vacuum 
pans, and was illustrated with many recording charts taken during 
operation. This was discussed by Geo. Dinkle, Watson C. Shall- 
cross and E. D. Dreyfus. 

Two accounts of turbine tests were then presented, one on a L0,000- 
kw. Steam Turbine, by Sam. L. Naphtaly, giving the results of 
steam economy tests on a unit at the plant of the City Eleetrie Com- 
pany, San Francisco, with a description of methods, apparatus, and 
application of correction factors to meet specified conditions; and 
the other on a 9000-kw. Turbo-Generator Set, by F. H. Varney. 
with a description of tests and results. These were discussed by J. 
W. Lawrence, D.S. Jacobus, I. E. Moultrop, George A. Orrok, E. D 
Dreyfus, Francis Hodgkinson, R. J. 8. Pigott, W. L. R. Emmet an: 
W. L. Waters. . 

The final paper of the session was by Isaee Harter, Jr., entitled 

if 
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Notes on the Value of Napier’s Coefficient with Superheated Steam, 
comprising a series of determinations of the value of the coefficient 
for steam at pressures closely averaging 160 lb. per sq. in. abs., and 
for various degrees of superheat ranging approximately between 50 
and 200 deg. This was discussed by Henry E. Longwell and R. C. 


H. Heck. 
REUNION, WEDNESDAY EVENING 


A reunion of the membership of New York in honor of the newly- 
elected officers and visiting members of the Society, their ladies and 
guests, was held at the Hotel Astor on Wednesday evening, Decem- 
ber 8. Dancing was begun at nine o’clock, those who did not care to 
participate occupying boxes, and supper was served during the inter- 
mission. The occasion, like those of a similar nature of previous years, 
was greatly enjoyed by all, and added much by the renewal of old 
acquaintances and the making of new ones, to the social side of the 
convention, emphasizing as it did the general feeling of friendliness 


which was so evident throughout the entire series of meetings. 


PROFESSIONAL Session, THURSDAY MoRrNING 


At the Thursday morning session four papers were read upon 
miscellaneous subjects. The first, A New Theory of Belt Driving, 
by Selby Haar, presented a theory of the process by which a belt 
transmits power and a study of the losses occurring in the belt while 
under load, so that its eficiency may be determined. The paper was 
discussed by Carl G. Barth, Geo. N. Van Derhoef, H. G. Reist, 
A. F. Nagle, Harrington Emerson, F. W. Taylor, T. M. Phetteplace, 
George 1. Rockwood and Wm. Kent. 

\ Graphical Method for Calculating Stresses in a Connecting Rod, 

W. H. Herschel, followed, which dealt with a method for finding 

sses at any point of a rod of any shape. This was discussed by 

.. Willard and C. G. Lanza. 

‘*perating Conditions of Passenger Elevators’ was presented by 

inald Pelham Bolton, who directed attention to the effects upon 
itor work and economy of the passenger movement and traffie by 
cing the period of actual motion and by increasing the time occu- 
in the operations of starting and stopping. It was discussed by 
nanuel Hollander. 

he fourth paper presented was upon Modern Shoe Manufacture, 


'. \l. B. Kaven and J. B. Hadaway. This treated of the ancient 


ed of 
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methods of covering the feet, the old-time shoe shop in which each 
workman was taught to make the entire shoe, the making of the hand- 
sewed shoe, the advent of the sole-sewing machines, the direct means 
of revolutionizing the shoe industry, and subsequent inventions 
substituted for hand work which finally led to the building of the 
modern shoe factory. Mr. Hadaway who presented the paper illus- 
trated his remarks with some samples of the welt shoe which he had 
brought with him. The paper was discussed by Edwin J. Quinlan, 


Edward Robinson and R. H. Long. ine: ot 


MAcHINE SHop Session, THurspDAY AFTERNOON 


Three papers on Grinding were presented on Thursday afternoon 
at a Machine Shop Session, the first, The Field for Grinding, by C. H. 
Norton, dealing with the new idea of grinding as quick cutting, rapid 
reduction of stock, accuracy and economy, with modern machines, 
modern wheels that cut and do not abrade, and a knowledge of the 
science of the process, which, the author believes, is worthy of sys- 
tematic codperation on the part of the engineer. The second paper, 
Precision Grinding, by W. H. Viall, discussed grinding as an art, 
especially as related to the manufacturer’s problems where not only 
the nicest accuracy is obtained, but where the rate of production is 
an important consideration. Modern Grinding Methods, by B. M. W. 
Hanson, was the last of these papers, and described recent develop- 
ments in grinding machines for cylindrical work and plane surfaces, 
with an account of new features of the cylindrical grinder whereby 
the work is sized automatically, and illustrations of pieces ground 
on a surface grinder, using a cupped wheel on a vertical spindle 
which has a high rate of production. These papers were discussed 
by W. L. Bryant, A. L. DeLeeuw, H. A. Richmond, Geo. M. Jeppson, 
Henry Hess, Henry M. Leland, Oberlin Smith, O. Junggren and J. 
Wendell Cole. 

Gas PowER Session, THURSDAY AFTERNOON 


At the meeting of the Gas Power Section, also held on Thursday 
afternoon, the annual address of the Chairman was made by Jame: 
Rowland Bibbins, on Gas Power Development. Reports were ':- 
ceived from committees, the Membership Committee reporting « 
steady and normal growth of high quality. 


| 


The Literature Committee had already published its results from 
time to time in The Journal, but expected even better results during 
the year before the Section. 

The Research Committee announced that its work had been turned 
over to the Research Committee of the Society. The Installations 
Committee reported progress and the Standardization Committee, 
having completed its work, was discharged. The Committee on Plant 
Operations did not present a report in writing, but I. E. Moultrop, 
Chairman, announced that data from three or four producer-gas 
power plants were expected shortly. 

The Committee on Elections announced the following officers 
elected: Chairman, R. H. Fernald; Member of the Executive Com- 
mittee, C. J. Davidson. The Chairman-elect was then escorted to the 
chair by Professor Breckenridge. 

Two professional papers were also presented at this session, the first 
that by the late E. P. Coleman, on the First Large Gas-Engine In- 
-stallation in American Steel Works, presented by E. E. Kiger, which 

described in a very thorough-going manner an installation made 
in the Lackawanna Steel Company with which Mr. Coleman was 
connected. From the viewpoints of continuity and reliability of 
service the installation was considered successful, and the economy 
of heat consumption was considerably in excess of that usual with 
compound steam engines. The paper was discussed by Joseph Mor- 
gan, Wm. A. Bole, George A. Orrok, Edw. A. Uehling, Charles Whit- 
ing Baker, E. D. Dreyfus, E. E. Kiger, George G. Conlee and Louis 
Doelling. 

A paper by Nisbet Latta, entitled Notes on a Heavy-Duty Gas 
Producer, was then presented, in which the author called attention 
to the recent development of the heavy-duty gas engine and to 
the fact that the gas producer had not been developed of proper 
size and type to accompany these large units. Recent experiments on 
pulverized coal and air in the proportions required to burn the carbon 
‘to CO were also described. The paper was discussed by W. B. Chap- 
man, W. E. Winship and L. B. Lent. ss 


THURSDAY AFTERNOON 


On Thursday afternoon Mr. and Mrs. Westinghouse received the 


embers and guests of the Society at the Hotel St. Regis from four 

six o’elock. The delightful hospitality of the host and hostess 

‘th which the Society has had opportunity on previous occasions to 


— 
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become acqui ainted, made this occasion one of the most enjoy: abl 
social events of the Annual Meeting, and it was very largely attended, 
. affording an opportunity to extend to Mr. and Mrs. Westinghouse a 
personal greeting. 
Lecrure, Taurspay EveninG 
The concluding gathering of the Annual Meeting was on Thurs- 


day evening, when an illustrated lecture was given by Dr. Georg 
Kerschensteiner, Superintendent of the Industrial Continuation 
Schools of Munich. This address was a noteworthy addition to the 
attractive lectures which have been given at each of the recent An- 
nual Meetings. Dr. Kerschensteiner has not only achieved marked 
distinetion through his original and effective methods for industrial 
training but he is an entertaining speaker, and in presenting the sub- 
ject used a remarkable collection of slides from views showing classes 
at work in the varied lines of industry in which the students of Munich 
are given practical instruction. These not only include the more 
familiar occupations, such as work in the machine shops, foundry, 

pattern shop, ete., but a great variety of miscellaneous occupations 
ranging from the artistic to the most utilitarian, such as thesupply of 
food and the manufature of common implements and utensils. The 
Society was able to enjoy this lecture through the courtesy of the 
National Society for the Promotion of Industrial Education, who had 
arranged for the address and by whom the meeting was held, The 
American Society of Mechanical Engineers, the American Institute 
of Electrical E ngine ers and the Ame ric an Institute of MiningEngincers 
coéperating. 


very fine program of excursions, sufficiently varied in their 


nature to meet all tastes, had been arranged by the committee in 
charge, F. H. Colvin, Chairman, and to these Friday, December ©. 
was entirely devoted. Many availed themselves of the opportunity 
to visit the New York Public Library at Fifth Avenue and 42c 
Street, W. W. Christie acting as guide. The building which will no! 
be opened to the public until May 1911 is, however, practically com- 
plete as to its interior decorations, with the exception of picture- 
and furniture, and a very good idea was gained of the appearance 
which it will present. The visitors were especially interested in th: 


| 

| 
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very fine marbles and woods as well as other materials which have been 
employed in its construction, and in the workmanship which is to 
be seen throughout the building, presenting a finished result which 
may be favorably compared with other public buildings throughout | 
the United States. The various automatic devices for the speedy 
delivery of books to the reading room, the wilderness of steel shelves 
in the stack rooms, and the printing and binding machines, were also 
interesting features. 

A party of twenty-five took advantage of the invitation to visit the 
plant of Nelson Goodyear, Inc., Brooklyn, N. Y.,to witness the process 
of oxy-acetylene welding. The party was conducted by E. H. White 
und was shown the new type of generator and the torches used by 


this company. Demonstrations of welding and cutting metals were 
made, after which there was a demonstration by Mr. André Beltzer 
of the welding and soldering of aluminum by the use of a new flux for 
this purpose. 

About a dozen members visited the Hudson and Manhattan Power 
House in Jersey City, under the guidance of W. B. Yereance, where 
they inspected the generating plant for the Hudson River tubes, 
known as the McAdoo tubes, a trip made possible through the cour-_ 
tesy of Mr. G. McAdoo. They were met at the power house by Chief. 
Engineer Sage who personally conducted the visitors through the 
plant and explained the different features and the reasons for their 
adoption by those in charge. Some of the members of his staff had 

i also been detailed to answer individual questions or to explain fea- 

tures in which any one might be especially interested. 

hy A party of sixty were conveyed by special car to the works of the 

Pond Machine Tool Company at Plainfield, N. J., under the guidance | 

of W. L. Clark, where several of the recently developed reversing 

motor planers were in operation and various tests were made for the 
benefit of the visitors. Other special machines as well as the regular — 
processes proved of much interest and appreciation was expressed 
on all sides of the interesting visit. Through the courtesy of the com- 

pany luncheon was served at the plant, and a special car conveyed 

the visitors to the city. 

A party of twenty under the guidance of L. P. Alford visited the 
Thompson-Lovelace Aeroplane factory at Fort George, New York City, 
and this proved to be one of the most interesting excursions. The 
‘machine used by Moissant in his flight from Paris to London was. 
1 exhibition, completely assembled, as was also another machine for 
\[oissant in process of erection. Various engines and parts of : aero- 
vlanes under construction were shown the visitors. 
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The excursion party to the yard of the John N. Robins Company, 
Erie Basin, Brooklyn, though not large was composed of those especi- 
ally interested in the application of electricity to this class of work, 
particularly of the high tension, 6600 volt motors to the driving of air 
compressors and the pumping of basin dry docks by direct connected 
6600-volt motors driving 30-in. centrifugalpumps. ‘The large machine 
shop and boiler shop were also visited and the floating dry docks 
inspected, the new floating dry dock with steel wings and wooden 
pontoons coming in for particular attention. 

A party conducted by 8S. B. Redfield spent the afternoon on Fri- 
day in the Spring Street Telephone Exchange and in the Long Dis- 
tance Exchange on Cortlandt Street. The visitors were given an 
opportunity to see the work of the training school for telephone 
operators, which graduates 40 operators a week for the supply of the 
New York exchanges, and were shown the operation of the switch- 
boards in the main room where 200 operators are in constant attend- 
ance. The procedure in securing a long distance call and in keep- 
ing track of the time and of the charges, and plans under way for 
securing even quicker service than is now obtained, were explained 
in detail by the representatives of the telephone company who ac- 
companied the party. 

Several of the members also visited the Navy Yard in Brooklyn. 

In addition to the excursions which were participated in on Friday, 
a number of invitations had been received of which the members 
were at liberty to take advantage any time during the meeting. These 
included the Metropolitan Building, where Mr. Charles 8. Bavier, 
chief engineer, received the visitors, the Interborough Power House, 
the Hill Publishing Company, the Waterside Power Plant of the New 
York Edison Company, Sims Magneto Company at Watsessing, 
N. J., the National Lead Company in Brooklyn, and the high-pres- 
sure fire-pumping stations of the Board of Water Supply of New York. 

A party of the ladies who attended the Annual Meeting visited the 
Franco-American Food Company’s factory in Jersey City on Wed- 
nesday morning and were escorted through this model plant by a 
special conductor. On Friday afternoon a trip was made to the Co!- 
gate factory in Jersey City which was also much enjoyed. 

Every possible courtesy was extended to the visiting party at «ll 
these excursions and much appreciation was expressed to those who 
made the trips possible by throwing open their works to the Society. 
Material aid was rendered by the Information Bureau located in thc 
foyer of the Engineering Societies Building. 
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ENTERTAINMENT FEATURES 

As has been the custom for several years past, a number of the ladies 
resident in and about New York formed a Reception Committee 

under the Chairmanship of Mrs. Herbert Gray Torrey, and added © 
much to the social side of the convention by their entertainment 
of the visiting ladies and members. Tea was served on Tuesday 
and Wednesday afternoons, Mrs. John W. Lieb, Jr., acting as hostess 
on the former occasion and Mrs. Jesse M. Smith at the latter. A 
Guides’ Committee, Dr. Lucy O. Wight, Chairman, conducted parties 
s to points of interest about the city, including the shops and hotels. 
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No. 1295 
PRESIDENTIAL ADDRESS 


By GrorGE WESTINGHOUSE, PITTSBURGH, Pa. 


President of the Society, 1910 | 


A year ago I was honored by my election to the presidency of The 
American Society of Mechanical Engineers. In accepting office, I 
expressed an apprehension that other duties of an onerous character 
might prevent a fulfillment of your reasonable expectations, and | 
fear that when all is summed up, you will agree that such an apprehen- 
sion was well founded. I desire at once to express a sense of my 
obligation to my associates for their helpfulness and consideration 
in aiding me partly to discharge my duties. Although my time for 
the Society’s work has been very limited, I have had many occa- 
sions to observe how efficiently the splendid organization which con- 
trols your affairs has performed the various duties involved in the 
development and management of an engineering society. 

The chief event of the year was the Joint Meeting of The Institu- 
tion of Mechanical Engineers with our Society in Birmingham and 
London. From all sides have come evidences of the success of those 
meetings and of the great benefit of their deliberations to engineering. 
The weleome extended by our brother society to those of our Society 
who were present exceeded in cordiality and completeness the expec- 
tations of those who knew that there would be a warm and full- 
handed reception, and nothing was lacking in the perfection of 
arrangements for the meetings and for the comfort and pleasure of 
our members and their ladies. 

these days, the effects of such international meetings and inter- 
charges of good-will cannot fail to be lasting, especially in promot- 
ing ‘hose relations which stand for the advancement of science and 
co! rerce, as well as those broader international relationships which 

‘owards the conservation of peace between all countries. 
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Of almost equal importance was the joint meeting of members of 
the engineering societies in Boston held on January 21, brought 
about by a member of our Society, Professor Hollis, of Harvard 
University. On this occasion about four hundred members of the 
engineering societies were present, including eight presidents of engi- 
neering societies or institutions, besides prominent members of many 
others, including architectural and scientific societies closely iden- 
tified with the work of engineers. 

Under the well-defined policy of your Council and officials, the 
members of our Society in Boston, St. Louis and San Francisco have 
been encouraged to hold important local meetings, and in this man- 
ner to bring the widely scattered members of the Society into more 
intimate relations with each other and with our affairs in general, 
and it is the purpose to extend our efforts in this direction as rapidly 
as circumstances may indicate. 

My contributions to the discussions of matters of interest to our 
Society have been a short address, appropriate to the occasion, at 
the joint meeting of engineers in Boston, in which I laid stress upon 


the desirability of establishing, by coéperation between all engineer-., 


ing societies, such general standards in the construction of electrical 
and mechanical apparatus as would tend to reduce cost, increase effici- 
ency, and lessen our difficulties. 

In a more carefully prepared address, presented at the Joint Meet- 
ing in England, I urged the importance of an early decision on the 
part of those interested as to uniformity in the essential features 
involved in the electrification of railways. The discussion of this 
paper emphasized the necessity for early action on the recommenda- 
tions made in regard to the selection of standards to meet the very 
few essential requirements. 

As often happens in the discussion of a complex problem, some 
of the speakers misinterpreted my address and concluded that the 
paper specifically recommended the adoption of one particular sys- 
tem out of several well-known systems as a universal standard, 
whereas my specific recommendations were stated as follows: 

“The additional fundamental requirements for electrically oper- 
ated railways are: 

f A-supply of electricity of uniform quality as to voltage 
and periodicity. 

g Conductors to convey this electricity so uniform|y 
located with reference to the rails that, without change of 
any kind, an electrically fitted locomotive or car of any con- 
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pany can collect its supply of current when upon the lines of 
other companies. 

h Uniform apparatus for control of electric supply where- 
by two or more electrically fitted locomotives or cars from 
different lines can be operated together from one locomotive 
or car. 

“Outside of economy in capital expenditure and economy and 
convenience in operation by steam or electricity, it matters not 
whether each locomotive and car and the apparatus upon them differ 
from every other locomotive and car in size or details of construction, 
so long as the constructions are operative and the materials employed 
are used within safe limits.’’! 

The selection of a system embodying these fundamental require- 
ments would leave to manufacturers and inventors the same lati- 
tude for development and improvement in the construction of rail- 
way electrical machinery as has always existed with reference to 
steam-operated railways, where the fundamental requirements were: 
a standard gage of track, standard couplings of cars, and standard 
braking and signalling apparatus. To appreciate this observation, 
one has only to contrast the locomotive of twenty years ago with the 
mammoth Mallet compound locomotives which are now being intro- 
duced, or the freight car of ten tons capacity with the modern steel 
car of fifty tons capacity. 

I cannot impress too strongly upon the members of this Society 
the great importance of lending their aid to bring about such an 
early decision in regard to the standards to be adopted in the elec- 
trification of railways as will insure to the traveling public the benefit 
of this method of transportation at the earliest possible moment and 
on an advantageous basis to the railways, which will be required, 
even under the most favorable circumstances, to expend vast sums 
of money in changing from steam to electric operation. 

It has been suggested to me that it would interest the members 
of the Society to have a short account of the conception and develop- 
ment of the air-brake, to form an authoritative statement for the 
records of the Society, and as I believe I am chiefly indebted to my 
work in developing the air brake and introducing it upon railways 
for the honors you have conferred upon me, I have pleasure in com- 
plying with this suggestion, especially as a statement of the con- 
ception and development of the air brake will supplement what | 
have heretofore said in regard to the benefits to be derived from the 
standardization of mechanical devices. 


(rans. Am. Soe. M. E., vol. 32, p. 948. 7 
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To deal comprehensively with a subject which involves an experi- 
ence of nearly forty-five years would require much more of your 
time than should be taken on this occasion. I will, however, present 
as briefly as possible some of the salient points. 

My first idea of braking apparatus to be applied to all of the cars 
of a train came to me in this way: a train upon which I was a pas- 
senger between Schenectady and Troy in 1866 was delayed a couple 
of hours due to a collision between two freight trains. The loss of 
time and the inconvenience arising from it suggested that if the 
engineers of those trains had had some means of applying brakes to 
all of the wheels of their trains, the accident in question might have 
been avoided and the time of my fellow-passengers and myself might 
have been saved. 

The first idea which came into my mind, which I afterwards found 
had been in the minds of many others, was to connect the brake 
levers of each car to its draft-gear so that an application of the brakes 
to the locomotive, which would cause the cars to close up toward 
the engine, would thereby apply a braking force through the couplers 
and levers to the wheels of each car. Although the crudeness of this 
idea became apparent upon an attempt to devise an apparatus to 
carry the scheme into effect, nevertheless the idea of applying power 
brakes to a train was firmly planted in my mind. 

Shortly afterwards, while I was in Chicago, the Superintendent 
of the Chicago, Burlington & Quincy Railroad, Mr. A. N. Towne, 
invited me to inspect what was then considered an ideal passenger 
train, namely the Aurora Accommodation. I accepted this invita- 
tion and while looking over the train, which was fitted with a chain 
brake, I was introduced by Mr. Towne to Mr. Ambler, the inventor 
of that brake. The Ambler brake, as was explained to me, consisted 
of a windlass on the locomotive which could be revolved by pressing 
a grooved wheel against the flange of the driving-wheel to wind up a 
chain which extended beneath the entire train over a series of rollers 
attached to the brake levers of each car and so arranged that the 
tightening of the chain caused the brake-levers to move and thereby 
apply the brake shoes to the wheels. I ventured to say to Mr. Ambler 
that I had been working upon a brake myself, but was immediately 
informed by him that there was no use working upon the brake 
problem, because he had devised the only feasible plan, which wos 
fully protected by patents. Mr. Ambler’s opinion and advice, how- 
ever, proved to be an incentive to a more energetic ‘pursuit of the 
subject. 
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_ As an improvement on Mr. Ambler’s plan, I considered the use of 
_a long cylinder to be placed under the locomotive, the piston of this 
cylinder to be so connected to the chain that it could be drawn tight 
the application of steam from the locomotive boiler with a force 


- which could be more accurately controlled than was possible with 


the windlass arrangement. A short study of this idea showed that it 

would be impossible to have a cylinder long enough to operate a 

chain brake upon more than four or five cars, whereas trains of ten 

and twelve passenger cars were frequently run upon the important 
railways. 

My next thought was the placing of a steam cylinder under each 
car with a pipe connection extended from the locomotive beneath 
its tender and under each car, with flexible connections of some sort 
not then thought out, so that steam could be transmitted from the 
locomotive through the train pipe to all of the cylinders; but, as in the 
case of the attempt to improve the chain brake, it required but little 
time with some experimentation to disclose the fact that it would 
be impossible, even in warm weather, successfully to work the brakes 
upon a number of cars by means of steam transmitted from the 
locomotive boiler through pipes to brake cylinders. 

_ Shortly after I had reached this conclusion, I was induced by a 
couple of young women who came into my father’s works to sub- 
scribe for a monthly paper, and in a very early number, probably the 
first one I received, there was an account of the tunneling of Mount 
Cenis by machinery driven by compressed air conveyed through 
3000 ft. of pipes, the then depth of that tunnel. This account of the 
use of compressed air instantly indicated that brake apparatus of the 
kind contemplated for operation by steam could be operated by means 
of compressed air upon any length of train, and I thereupon began 
actively to develop drawings of apparatus suitable for the purpose 
and in 1867 promptly filed a caveat in the United States Patent 
Office to protect the invention. In the meantime, I had removed 
‘rom Schenectady to Pittsburgh, where I met Mr. Ralph Baggaley, 
who undertook to defray the cost of constructing the apparatus © 
needed to make a demonstration. 
At that time no compressed-air apparatus of, importance had 

w thin my knowledge been put in operation. The apparatus needed 

for a demonstration was, however, laboriously constructed in a 

machine shop in Pittsburgh, being finally completed in the summer or 

early autumn of 1868. This apparatus consisted of an air pump, a 

tuain reservoir into which air was to be compressed for the locomo- | 
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tive equipment, and four or five cylinders such as were to be put 
under the cars, with the necessary piping, all so arranged that their 
operation as upon a train could be observed. Railway officials of th: 
Pennsylvania and Panhandle railroads were then invited to inspect 
the apparatus and witness its operation. As a result, the Superin- 
tendent of what was then known as the Panhandle Railroad, Mr. W. 
W. Card, offered to put the Steubenville accommodation train at 
my disposal to enable me to make a practical demonstration. The 
apparatus exhibited was removed from the shop and applied to this 
train, which consisted of a locomotive and four cars. Upon its first 
run after the apparatus was attached to the train, the engineer, 
Daniel Tate, on emerging from the tunnel near the Union Station 
in Pittsburgh, saw a horse and wagon standing upon the track. 
The instantaneous application of the air brakes prevented what 
might have been a serious accident, and the value of this invention 
was thus quickly proven and the air brake started upon a most useful 
and successful career. 

Prior to the construction and practical test of the air brake, I had 
opportunities while traveling to present the subject to numerous 
railway officials and to endeavor to secure their cobperation in the 
development of the apparatus. None of those approached appeared 
to have faith in the idea, though I afterwards found that the ac- 
quaintances made and the many discussions I had had with railway 
people were of great advantage in the introduction of the air brake 
upon the railways with which they were connected. 

I suppose many persons present have heard or read the story of an 
alleged interview between Commodore Vanderbilt and myself about 
the application of air brakes to the New York Central. The story as 
told seems to have appealed to the imagination of many people. As a 
matter of fact, there iv nc foundation whatever for that story. From 
the moment when the practicability of air brakes was demonstrated to 
the present hour, there has been nothing but satisfaction and pleasure 
in being associated with an invention which has contributed so much 
to the safety and comfort of travelers and so greatly to the prosperity 
of railways. 

In the development and introduction of the air brake, I was con- 
trolled by the apparent fact that the apparatus would have to be 
uniform upon all cars to provide for the convenient change of ‘he 
composition of trains. It also was most obvious, in view of the 
erying demand for some better means for stopping trains, that some 
power brake would inevitably be universally applied to all of the cars 
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and engines upon all railways. These ideas naturally involved a 
further one, namely, the importance of having all of the brake 
apparatus made by one company, so as to insure absolute uniformity 
and consequent interchangeability, and this led to the formation of 
the Westinghouse Air Brake Company early in 1869. 
The essential parts of the air brake as first applied were: 
a An air-pump driven by a steam engine receiving its supply 
from the boiler of the locomotive. 
b A main reservoir on the locomotive into which air was com- 
pressed to about 60 or 70 lb. pressure per sq. in. 
c A pipe leading from the reservoir to a valve mechanism 
convenient to the engineer. 
d Brake cylinders for the tender and each car. 
e A line of pipe leading from the brake valve under the tender 
and all of the cars, with a pipe connection to each brake 
cylinder. 
f Flexible hose connections between the cars provided with 
couplings having valves which were automatically opened 
when the two parts of the couplings were joined and 
automatically closed when the couplings were separated 
so that the valve of the coupling at the end of the train 
was always closed and prevented the escape of air when 
introduced into the brake pipe. 
The piston of each cylinder was attached to the ordinary hand- 
brake lever in such a manner that when the piston was thrust outward 
by the admission of compressed air, the brakes were applied. When 
the engineer had occasion to stop his train, he admitted the air from 
_ the reservoir on the locomotive into the brake cylinders through the 
train pipe. The pistons of all cylinders were, it was then supposed, 

_ siinultaneously moved to set all of the brakes with a force depend- 
ing upon the amount of air admitted through the valve under the 
control of the engineer. 

‘To release the brakes, the handle of the brake valve was moved 

as to cut off communication with the reservoir and then to open a 

issage from the brake pipe to the atmosphere, permitting the air 
ich had been admitted to the pipes and cylinders to escape. 

he success of the apparatus upon the first train was followed by 

application of an equipment to a train of six cars on the Pennsyl- 
nla Railroad, and in September 1869, this train was placed at the 
‘posal of the Association of Master Mechanics representing numer- 
railways, which association was then in session at Pittsburgh. 


= 
4 
| 
| 
7 
| 


1096 


YE CLOSED 


FIRST FORM OF HOSE COUPLING WITH CHECK VALVES. 


UNCOUPLED — CHECK VAL 


S USED WITH THE STRAIGHTAIR BRAKE OF 


| 
| 
| aie 
| 
| 
¢ 
| 
‘ 
| 


‘he train was run to Altoona and the air brakes were used exclusively 
fo controlling the speed of the train on the eastern slope of the 
Alleghenies, and special stops were made at the steepest portions of 
the line in such an incredibly short distance (as we all thought then) 
as to establish firmly in the minds of all present the fact that trains 
could be efficiently and successfully controlled by means of brakes 
operated by compressed air. 

The next event of importance was the application of the brakes in 
November 1869, to a longer train of ten cars upon the Pennsylvania 
Railroad, which was taken to Philadelphia for the purpose of demon- 
strating to the directors of that railway the success of the apparatus. 
I may say at this point that the Pennsylvania Railroad had been 
using for some years a chain brake similar to the one applied by 
Mr. Ambler, but had found that its use was limited to short trains 
and that it was not a satisfactory contrivance for the purpose intendea. 
There were invited to witness these trials in Philadelphia a large 
number of railway people and the papers gave extended notices 
of the tests made, which brought to the train on the next day 
Mr. George L. Dunlop, the General Superintendent of the Chicago 
& North Western Railway, who was desirous of having the whole 
apparatus fully explained to him. The result of his inspection of 
the air-brake apparatus was an invitation to make a demonstration 
upon his railway in Chicago, and he offered, if the Pennsylvania 
Railroad would send a train for the purpose, to invite the leading 
railway people and members of the press of that vicinity. The appa- 
ratus was then transferred to a train consisting of a new locomotive 
and six new cars, and this train was run to Chicago over the Ft. 
Wayne Railroad, and a number of tests were immediately afterwards 
made upon the tracks of the Chicago & North Western Railway, 
evilently to the entire satisfaction of those present. From Chicago, 
the train proceeded to Indianapolis, where other tests were made, 
an! then back to Pittsburgh. 

‘the outcome of these demonstrations was immediate orders for 
eqi: pment for the Michigan Central and the Chicago & North Western, 
an‘ shortly after for the Union Pacific Railway in the West and for 
the Old Colony and the Boston & Providence roads in the East. 

| vofer to these details to illustrate the readiness with which railway 
off als took up this invention and the comparative ease with which 
the roquired orders were secured, and because it has been often stated 
tha: the trials and tribulations in the introduction of the brake were 
of (le severest nature 
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Works were built in Pittsburgh for the manufacture of the appara- 
iis and were fitted with the best tools obtainable. Standards were 
adopted and adhered to in the parts of the apparatus which required 
uniformity in construction in order to insure interchange of the rolling 
stock so fitted upon various roads. I think I am safe in saying that 
the course pursued in the manufacture and introduction of the brake 
had a more important bearing than anything else in deciding the 

tailway Master Mechanics and Master Car Builders a few years 
later to take up the question of the standardization of various parts 
of cars in order that repairs could be more conveniently made. 

It soon developed that it took considerable time to apply the brakes 
with full force and a longer time to release them, and that inthe 
event of a break-in-two of a train (a frequent occurrence in those 
days) the rear section would be uncontrolled, and when this occurred 
upon an ascending gradient, the rear detached section might run 
away with disastrous results. To overcome this difficulty a new 
development was necessary, the outcome of which was what has since 
been known as the automatic air brake. 

In the automatic air brake equipment there were the same air- 
pump, reservoir, train pipe and brake cylinder, but in addition to 
these there were two important features added to the tender and each 
car equipment: the first, an auxiliary reservoir, and the second, a triple 
valve or device interposed between the brake pipe, brake cylinder 
and auxiliary reservoir. This triple valve was so constructed that 
when air was admitted to the train pipe, an opening was established 
between the train pipe and the auxiliary reservoir whereby the train 
pipe and the reservoir were filled with air under pressure. The valve 
also opened a passage from the brake cylinder to the atmosphere. 
This was the normal condition of the apparatus when the brakes were 
olf. To apply the brakes, the engineer discharged a portion of the 
air from the train pipe, whereupon the triple valve closed the con- 
nection between the brake pipe and the reservoir and between the 
brake cylinder and the atmosphere and then opened a passage from 
the auxiliary reservoir to the brake cylinder, the piston of which was 
moved outwardly by the air from the auxiliary reservoir so as to 
apply the brakes. The restoration of the pressure within the brake 
pipe released the brakes and recharged the reservoir. This develop- 
ment occurred during 1872 and 1873. 

‘The automatic brake was at that time supposed to be instantaneous 
in its action in applying the brakes, and almost instantaneous in 
releasing them. In the event of the escape of air from the train pipe 
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by its rupture or by the separation of the train, the air stored in the 


auxiliary reservoirs instantly and automatically applied the brakes 
to all parts of the train and they could be released only by repairing 
the damage and restoring the pressure, or by means of special release 


valves operated by the train men. 


The automatic brake having proved itself vastly superior to the 
plain or straight air brake first described, it soon became a standard 
but during the transition period an automatic brake was easily 
converted into a plain brake by a manually operated special valve 


arranged in the casing of the triple valve. 


The gradual increase in the length of freight trains and the numerous 
accidents due to lack of brake control early suggested that automatic 
air brakes should be made a part of the equipment of all freight trains 
and to determine the practicability of the automatic brake for this 
purpose a train of fifty cars was fitted in the early ’80s and taken 
over the Alleghenies on the Pennsylvania Railroad, and the tests 
made demonstrated that such a train could be controlled on the 


heaviest gradients by this means. 


In 1885 the Master Car Builders appointed a committee to report 
upon the feasibility of the application of brakes to freight trains, and 
this committee inaugurated what are now known as the Burlington 
(Ia.) brake trials made in 1886 and 1887. 
trains fitted with air brakes, one fitted with a vacuum brake and one 
with the brake operated by means of attachments to the drawbars 
similar to the conception first referred to. 
These tests proved the inadequacy of the type of auto- 
matic air brake then presented by the Westinghouse Air Brake Com- 
pany, as well as the inadequacy of all the other brakes then tested. 

It becoming apparent that the lack of success at Burlington was 
due to the comparatively slow application of the brakes upon the 
rear portion of the train, the effect of which was to cause most serious 
shocks almost like collisions, a new development was imperatively 
needed in order to insure the successful handling of freight trains of 


fifty cars. 


fifty cars. 


As a part of the automatic air-brake passenger equipment, I had 
developed in the ’70s a system of train signaling involving the use 
of a second train pipe, which is now in general use upon all of the 
This signaling apparatus had a sensitive valve device 
connected to a small reservoir upon the locomotive and these were 
so arranged that when compressed air was admitted through a smal! 
opening into the signaling pipe, both the pipe and reservoir were 


railways. 


There were presented two 


Each of these trains had 
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charged to a low pressure (at the present time to 45 lb.). By opening 
a valve at any point in the train to permit a small quantity of air to 
escape from the signal pipe, the delicate valve referred to was caused 
to move so as to admit air from its auxiliary reservoir to blow a whistle 
located in the cab of the locomotive. It was found upon experimen- 
tation that when the valve in any car remote from the engine was 
quickly opened and closed as many as five times the whistle would 
be blown an equal number of times, the first time being after the 
last escape of air; that is to say, there were set in motion five 
distinct waves of air each capable of doing work. 

During these developments it was found that the waves of air 
within the brake pipe traveled as rapidly as sound, i.e., about 1100 feet 
a second. 

Being fully impressed with the idea that if the wave of air which 
was utilized for signaling could be made to operate the triple valves 
upon the cars, there would then be an almost instantaneous applica- 
tion of the brakes upon the front, rear and other portions of the train, 
this idea, with hard work and a large number of experiments, shortly 
produced what is now known as the quick-action automatic brake. 
The Westinghouse train was left at Burlington in order that the new 
triple valves with the quick action attachment could be applied 
aud further experiments made. The valves as developed for this 
emergency proved to be successful and the tests made with this train 
after their application were eminently satisfactory to the railway 
officials. It was thereupon arranged to take this train to Minneapolis 
and St. Paul, Milwaukee, Chicago, St. Louis, Cincinnati, New York, 
Albany, through to Boston and New England, to Washington, and 
then to Pittsburgh, innumerable demonstrations being made during 
this journey of some thousands of miles. This train, drawn by two 
locomotives, was frequently run at speeds above fifty miles an hour 
and the tests were witnessed by all of the prominent railroad people 
of the country. So great was the demand for good brakes on freight 
trains that considerable difficulty was at first experienced in promptly 
filling the orders of railway companies. Nevertheless, the wide 
publicity given to these tests, coupled with a public demand for the 
aloption of means to prevent accidents, brought about the enactment 
of a law by the Congress obliging the railways to apply brakes and 
also automatic couplers to all freight trains in the United States 
within a time named in the Act, which time was subsequently 
extended because it was physically impossible for the railway com- 
panies to make the introduction within the time first prescribed. 
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The quick-action automatic brake was operated like the first automatic 
brake for ordinary train movements; the quick action resulted only 
when it was necessary to apply the brakes for an emergency. 

No sooner had the quick-action automatic brake been developed 
to operate successfully on trains of fifty cars than new conditions 
were presented. Steel freight cars carrying enormous loads had in 
the meantime been developed and freight locomotives had been 
increased in capacity, so that trains were often composed of 70 to 
80 cars and more recently some trains have had as high as 100 cars. 
This possibility had, however, been foreseen and experiments were 
constantly being carried on so to improve the apparatus, that it 
could be used to control trains of any practical length; and these 
experiments also had in view the more nearly instantaneous action 
of the brakes for ordinary service purposes than was possible with 
the automatic brake or with the quick action brake. The result 
was a most important development. 

The present improved triple valve has the emergency feature, but 
it also has what is known as the quick-service application feature; 
that is, for ordinary purposes the air is admitted to all of the brake 
cylinders so quickly that the longest freight train can be handled 
with almost the precision obtainable in the control of passenger trains 
of from six to twelve cars. 

In the matter of the development of the brakes for operation upon 
passenger trains, nothing that skill and perseverance could suggest 
has been omitted in securing the highest degree of perfection. The 
requirements during the past few years, by reason of the greater 
weight of ears and locomotives and of the higher speeds at which they 
are run, have necessitated the redesigning of all of the passenger train 
brake apparatus, including the method of attaching the brake shoes 
to the ears and the levers and connections for bringing these shoes 
to bear with the required pressure upon the wheels. For the purpose 
of insuring the highest efficiency, every wheel of a passenger train, 
including those under the locomotive, is now acted upon, whereas 
formerly many of the master mechanics and engineers were appre- 
hensive that it would not be possible to make use of all of the wheels 
© a locomotive for braking purposes. 

During the past twelve months, most elaborate tests of the latest 
‘on of apparatus for passenger service have been carried out under 
‘he direction of officials of several railways and of the Westinghouse 
\.» Brake Company, in order to prove the operativeness of the new 
constructions and their capability to insure the highest degree of 
etliciency. 
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has maintained a strong staff of experienced engineers, some of whom 
are located in each of the large railway centers and whose services 
are always at the command of the railways. It is the duty of one or 
more of these trained men to proceed to the scene of any acciden! 
that may have occurred in order to ascertain the cause, to report 
thereon and to render such aid and coéperation to the railway officials 
as will tend to avoid a like accident if in any manner the brake ea) 
contribute to that end. 

The Air Brake Company has always had in its works, for experi- 
mental purposes, sets of brake cylinders, pipes and couplings, repre- 
senting the apparatus upon trains of various lengths, so that tests 
and demonstrations could be readily made for all sorts of purposes, 
including the educating or informing of railway officials who came to 
seek information. To spread this information more effectively, the 
company about fifteen years ago constructed and equipped a special 
instruction car in which were arranged 50 sets of brake cylinders and 
pipes equivalent to like apparatus upon a freight train. This car was 
provided with a boiler to drive the air pump for the production of 
the air under pressure needed to operate the brakes. Operative 
models of all parts of the apparatus were shown in section so that 
their construction and operation could be more quickly comprehended. 
This car, in charge of experienced instructors, was moved from place 
to place, and engineers, firemen, conductors, and other train employees 
in general visited it to familiarize themselves not only with the 
operation of the brake but with its construction, and in this manner 
there has been developed throughout the country a knowledge of 
the air-brake art which has proved of inestimable value to the rail- 
way corporations and their patrons. The records of the Westing- 
house Air Brake Company show that to December 1, 1910, their 
instruction car had travelled over 113,000 miles. Numerous rail- 
ways have also provided their own instruction cars, so that it may 
be safely said that every railway employee having anything to do 
with the operation of trains, freight or passenger, has been required 
to familiarize himself with the working of the brakes and so to study 
the subject that he could pass an examination, 280,258 employecs 
having so far been examined by representatives of the Wes'- 
inghouse Air Brake Company, and in numerous cases these men have 
been required to show sufficient knowledge of the brake to entit!: 
them to receive certificates of their proficiency. 

- The importance of the maintenance of the brake to railways |< 
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not been overlooked by railway officials. They have appointed sup: :- 
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intendents of brakes and numerous inspectors, and there is an ass: - 
ciation of air-brake officials, organized in 1893 and now having 10)! 5 
members who meet annually in convention to discuss thoroug)|\ 
the questions which are constantly arising, so that today there exis's 
an organization of which scarcely any of the public has ever heard 
an organization which is constantly devoting skill and energy to 
the care of apparatus which above everything else in connection wit! 
railways contributes to the safe transportation of passengers ani 
freight. 

I have often been asked how many lives have been saved by thie 
use of the air brake and I have as often said it might well be a great 
many thousand, but that it was impossible to make even an approxi- 
mate estimate. At a banquet given in Washington to the members 
of the International Railway Congress in May 1905, a diplomat, in 
speaking on the subject of the importance of railway brakes, said lie 
felt safe in saying the air brake had saved more lives than any general 
had ever lost in a great battle. 

I have spoken of four chief developments. It has been necessary, 
in order to avoid disastrous consequences, that each development 
should be of such a kind that cars fitted with newer apparatus could 
operate with little inconvenience with cars fitted with earlier appara- 
tus. As it stands today scarcely any of the old type of brake and the 
first type of automatic brake are in use, but should a car fitted with 
the first form of automatic brake be found and put into a train with 
the more modern apparatus, such older apparatus would be found 
to operate fairly well with the more perfect form. The prevailing ides 
in the development and introduction of the brake has therefore ben 
an adherence to such uniformity of apparatus that the interchang 
of traffic over various roads could go on uninterruptedly. 

There is probably no apparatus in use today which has received 
such thoughtful consideration and been the object of such care in 
every one of its details as what is now popularly known as the «ir 
7 brake, and which is in universal use in the United States and in 
: many other countries of the world. 

7 _ In my estimation, there could be no better illustration of the value 
: of the maintenance of standards than has been given by the manu- 
facture and introduction of air brakes upon railways, for wit! ut 
such standards, train brakes would not have come into general \se, 
with consequences which railway officials and the public can well 
appreciate. 
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My story would be incomplete without a reference to the splendid 
assistance which the railways of this and many other countries have 
rendered. They have been lavish in providing those facilities for 
making the thousands of tests which were necessary to progress in 
the developments I have recited; to the Pennsylvania Railroad especi- 
ally, upon which the most important experiments were first made, 
the other railways of the country, as well as the traveling public, 
owe a debt of gratitude. When a railway (as did the Southern 
Pacifie two years ago) provides a new train of 100 steel cars to be 
fitted with the newer form of automatic brake, in order to carry on, 
with a staff of skilled men under the direction of the chief officers 
of the company, a series of experiments upon its heaviest gradients, 
requiring several weeks, for the purpose of securing greater safety and 
an increased carrying capacity per train, with the consequent lessen- 
ing of the cost of transportation, it is just that the managers of such 
a corporation should receive credit for their farsighted policy. To 
name the railways and merely to state chronologically the tests of 
brakes which have been made during forty years would require 
several volumes. 

It only remains for me to say that I am extremely gratified by the 
patience and attention with which you have listened to the reading 
of this address, and I am amply repaid if what I have said has been 
illustrative and interesting to you. 
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TOPICAL DISCUSSION ON THE PROBLEM wit 
SMOKE ABATEMENT 


Intropuctory Discussion By D. T. RANDALL 


The abatement of smoke from bituminous coal is an engineering 
problem. In choosing a coal for use in a given plant, the following 


points should be considered: 7 


a The amount and character of the volatile matter 
The amount of ash and its tendency to clinker 
Moisture 
Coking and caking qualities 
Size 
Amount to be burned ina given furnace 
The kind of furnace, hand-fired or automatic 
The draft available and its regulation 
The character of the load, steady or variable 
The ability of the firemen en 


Most of our boiler plants were originally built to burn anthracite 
coal, not many being properly equipped to burn the higher volatile 
bituminous coals. The burning of bituminous coal is more compli- 
cated for the reason that on charging the coal upon the fuel bed, the 
volatile gases begin to distill off as soon as the coal is heated to the 
required temperature. These gases are similar in character to un- 
purified illuminating gas and contain tar and heavy hydro-carbons and 
will produce smoke unless burned under very favorable conditions. 
If sir could be admitted in sufficient quantities and in such manner 
as 'o mix thoroughly with these gases as they are being distilled from 
the coal, they could be completely burned without smoke, provided 
the temperature of the furnace was sufficient to ignite them. The 
fix 


carbon, or portion of the coal corresponding to coke, remains on 
the 


rate and is burned under the conditions described for coke or other 
lu. containing a low percentage of volatile matter. 


Prosented at the Boston meeting, November 1910, of Taz American Sociery 
OF \\PCHANICAL ENGINEERS. 
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It appears from the experiments of Dr. Horace C. Porter, of thy 
Bureau of Mines, that coals vary considerably in the character oj 
their volatile matter, and that their percentage as determined |), 
proximate analysis is not necessarily a correct measure of the difficulty 
which may be expected in preventing smoke. The volatile matter is 
composed in part of inert matter such as carbon dioxide and other 
combinations which do not burn, and the real volatile combustible 
matter may be much less than appears from the ordinary coal analy-is. 
When coals of the same general character are considered however, 
the volatile matter is a very fair measure of the difficulty which may be 
experienced in burning them without smoke. The difference between 
a coal containing 16 per cent volatile matter and another one contain- 
ing 21 or 22 per cent is usually noticeable when a hand-fired furnace 
is used. A coal containing more than 25 per cent volatile matter is 
difficult to burn without smoke. 

If the coal contains large quantities of ash the fires must be cleaned 
more frequently, and in addition it is difficult to secure an even dis- 
tribution of air through the bed of fuel and ash. If the ash has a low 
fusing point and melts and sticks to the grate, air will be shut out 
over portions of the grate and the difficulty of preventing smoke will 
increase. 

An increase in the moisture in the coal usually increases the diffi- 
culty of burning it without smoke. If a coal cokes in the fire and if the 
draft is such as to require the frequent breaking up of the fuel bed, the 
coal may give off more smoke at such times than when it is fired. 

The size of the coal is of considerable importance for the reason 
that coals which are coarse must be carried at greater depth on the 
grates in order to prevent an excess of air, and the finer coals must 
be fired very carefully in order that they may not clog the air openings 
through the fuel bed and thus prevent a sufficient amount of air reach- 
ing the gases from the coal. Generally speaking, coal which is fine in 

size must be fired in smaller quantities than coals which are in the 
form of lumps and records of analyses show a wide variation in coals 
sold for power plant purposes, the volatile matter ranging from 1! to 
35 per cent, the ash from 53 to 14 per cent, and the heating value from 
13,000 to 14,600 B.t.u. 


DESIGN OF FURNACES 


— It is evident that the design of a furnace for bituminous coal must 
be different from one for coke or anthracite coal. The most sueces</ul 
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designs provide for the admission of air to mingle with the liberated 
gases and also arrange some device which causes them to mix or burn 
before they leave the furnace, atime which probably does not exceed a 
second. Walls or arches are often provided which cause the gases to 
whirl and mix, and long or high combustion chambers are provided to 
allow time for the combustion to take place. 

If it is found that an equipment is not satisfactory even when the 
most successful methods of firing are adopted, it will then in most 
cases be good business policy to invest in an improved type which will 
give practically complete combustion. There are many cases where 
the equipment is old and it would not be advisable to install new and 
expensive furnaces under an old boiler, or the power plant may be in a 
rented building, or for other reasons it may not be feasible to improve 
the furnaces. In such cases the solution must lie along the lines of 
choosing a coal which is best suited to the furnace which is installed. 
With such furnaces by mixing bituminous coal with an equal weight of 
anthracite screenings, quite satisfactory results may be obtained and 
without much difficulty from smoke. To burn such a mixture usually 
requires a little stronger draft than for bituminous coal alone. 

In designing a combustion chamber, it is not necessarily a solution 
of the problem to provide a chamber of large capacity, unless it is of 
such shape that the gases can be made to pass at a fairly uniform 
velocity over its entire cross section. A study of a great many plants 
seems to indicate that the distance through which the gases travel 
before they reach the heating surface is of more importance than the 
arca of the passage through which they travel, for the reason that they 
have a tendency to travel in lines the shortest distance from the grate 
to the heating surface and thus to make a considerable portion of the 
combustion chambers merely dead spaces and inactive so far as com- 
bustion is concerned. In this connection it has been noted that the 
conmmon, horizontal return tubular boiler has given very good results 
in comparison with other types of boilers, evidently because of the 
leveth of the travel of gases. Whenever a device is provided which 
t- ods to give a more intimate mixture of the air with the gases, it is 
} ible to shorten the combustion chamber accordingly. 

or each kind of coal and each furnace, there is apparently a range 

© capacity through which it is possible to operate without a serious 

p -luction of smoke. At higher rates the efficiency decreases and 

kc smoke is produced owing to a lack of furnace capacity to supply 
«ind mix it with the gases. 

ic operation of firing a furnace by hand is of necessity an inter- 
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mittent one. Relatively large quantities of fuel must be placed on 
the fuel bed at one time. This fuel tends to retard the flow of ai 
and at the same time the heat in the furnace tends to drive off th 
gases rapidly. Usually enough air cannot be supplied at this tin 
and there is smoke for a minute or two after each firing, even whe 
the stack is clear during the remainder of the time. 
Hand-fired furnaces depending upon brick-work baffles, arches anc 
piers are better than piain furnaces, and they generally decrease th 
smoke after the brick work is heated. Their capacity to absorb heat 
tends to counterbalance the gain from better combustion if a large 
amount of brick work is used and if the period of operation is short. 
A brick arch over the entire grate surface increases the rate of combus- 
tion for any given draft because it reflects heat back onto the fuel bed 
and assists in driving off the moisture and the volatile matter from ihe 
coal. This action may cause more volatile matter to escape than can 
be burned in the combustion chamber provided. In many cases more 
successful results in preventing smoke are obtained by omitting the 
arch above the grate and providing arches, piers, checkerwork, or simi- 
lar construction at the bridge wall and a short distance behind it. 
Provisions for admitting extra air for a short period after each firing 
will often reduce the smoke to one-half the amount produced when 
only the regular supply is furnished through the grates and fuel bed. 


In general, furnaces based on such designs may be operated by skilled 
firemen with certain coals with good economy and with smoke only 
at short intervals after each firing or cleaning provided the rate of 
combustion is low. 


Hand-fired furnaces ae meeeet with steam jets and air 


The jet must be locatcd 

80 as to direct the current in the acai dntctm to secure a rapid 
This 

often requires some experimenting. Steam jets require a ees amount 
of steam to secure satisfactory results, but their use improves the com- 
bustion and if the methods of firing are improved when the apparatus 
_is installed, the loss due to the use of steam may be fully or partial') 

_ offset by the resulting economy. In connection with large combustic 
chambers or well-designed brick furnaces, fewer jets may be used or 


In the he directly above the grate it 
is necessary to accomplish the admission of air by steam jets, unl: >> 
sufficient air can be admitted uniformly through the grates. 


| 

| 
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A study of tests conducted at the Government fuel testing plant 
shows that with hand-fired furnaces the best results were obtained 
when the firing was done most frequently and with the smallest charges 
of coal. In general, coals which smoke badly give efficiencies from 
3 to 6 per cent lower than coals which burn with but little smoke; 
also when the air supply is reduced and the furnace temperatures 
increased there is an increase in CO: and in CO which is always accom- 
panied by smoke. In many cases there may be smoke and a consider- 
able unaccounted-for loss when there is but little or no CO determined 
by the Orsat. 

7 
DESIGN OF STOKERS 

> 

6 + 


These problems have led a number of inventors to design auto- 
matie stokers. With these the coal is fed in small quantities con- 
tinuously in such a way as to be subjected to the heat gradually and 
at a comparatively low temperature and the gases are driven off 
mixed with air and completely burned in a combustion chamber 
before they reach the cooling surface of the boiler tubes. Many of 
these have been improved until they may be depended upon under 
normal conditions to burn almost any kind of bituminous coal success- 
fully, when they are properly installed and operated. As a rule this 
‘installation included special settings and combustion chambers, 
depending upon the kind of boiler and of fuel to be used. 

The chain grate stoker as ordinarily designed is very successful in 
burning high volatile and high ash coals. Under proper operation it is 
capable of burning such coals at high rates of combustion without 
smoke, and in some well-designed plants it is difficult to make these 
furnaces smoke even when they are improperly operated. These 
stokers are not adapted to burning low volatile coking coals. 

Several makes of stokers on the market are designed to feed the coal 
‘rom hoppers onto inclined grates, kept in motion by a driving me- 

‘hanism. Some are so designed as to grind through a large portion of 
‘he ash which accumulates at the bottom of the grate. Whether this 

pe of stoker is successful or not depends not only on its durability 

ud resistance to the action of the heat, but also on its ability to feed 

e coal uniformly, heat it gradually and introduce a supply of air 

ich will mix with and burn the gas before it has traveled far from the 

‘int at which it is liberated. Many stokers of thistype are so installed 

.d operated as to give good efficiency and smokeless combustion, but 

vere are many others which smoke badly. yas 
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Only within the last few years have the manufacturers of such 
equipment given serious consideration to the smoke problem and 
recognized that the stokers must be set in furnaces especially designed 
with due regard to the kind of coal, boiler and service for which they 
are intended. It is a mistake to install these or any other stokers 
in the belief that they do not require as much skill to handle as a 
hand-fired plant, provided good results are to be secured. They nm ay 
require even greater skill. There are two or three makes of underfeed 
stokers on the market. If they are so designed as to be automatic in 
regard to the supply of coal and air, they may be operated with very 
good efficiency, and when reasonable care is given to the operation, 
they will burn the high volatile coals with but little, if any, smoke ex- 
cept at the times when they are being cleaned. Owing to the fact that 
the air is supplied to these stokers under pressure and forced through 
the fuel bed, it is possible to secure an intimate mixture of the air and 
gases and to burn within a short distance from the fuel bed. For this 
reason the combustion space required is usually less than with other 
types of stokers. In some cases the mistake hasbeen made of installing 
a stoker too small for the purpose, and the results have been unsatis- 
factory as the capacity of the boiler could be obtained only with diffi- 
culty, the combustion was poor and oftentimes the stack was smoky. 


FURNACE EQUIPMENT 


No other equipment in connection with a power house requires 
to secure satisfactory results the same degree of care and experience 
in its selection as do the furnace equipment, and the boiler and fur- 
nace setting. The problem of smoke abatement in power plants is by 
no means solved when competitive bids are secured from stoker manu- 
facturers and an equipment contracted for, even though smokeless 
operation is guaranteed by the maker. The draft and its method of 
regulation must always be taken into consideration both in hand- 
fired plants and automatic stoker-fired plants. The best results are 
usually obtained when the draft is low, because it is less difficult to 
maintain an even fuel bed and there is less leakage of air through holec- 
in the setting. A great many chimneys are smoky because the drat! 
is insufficient to supply air in the correct proportion at critical perio - 
of operation. 

Damper regulators are frequently the cause of smoke, due to th. 
fact that they are not properly adjusted, and it often happens the 
firemen charge large quantities of coal into the furnace with damp«'- 
closed and no air admitted to burn these gases. 
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Difficulty is also experienced in preventing smoke at times when the 
load changes rapidly, or when the boilers are heavily overloaded. 
Oftentimes the furnaces will smoke when boilers are evt out and 
banked, and they are equally liable to smoke when they are being 

brought from a banked condition into service. 
It is very difficult to start a fresh fire with bituminous coal under a 
_ boiler without producing smoke. In cities where there is a smoke 
ordinance it is quite often the practice to start fresh fires before the 
smoke inspector is on duty. This problem is being met at the present 
time in some boiler plants, in foundry cupolas and other industrial fur- 
aces, by using a bed of coke, ignited by means of a gas or oil flame 
from a portable burner installed for the purpose. Such a procedure will 
build up a fuel bed and bring the furnace walls up to a temperature so 
that fresh coal may be fired without particular difficulty. This plan 
is of course more expensive and more troublesome than to start the 
fire with some kindling and bituminous coal as has been the custom 


for a long time 57 
Furnaces may be grouped as follows: & 
1 With iron-enclosed combustion chamber and short gas 
travel, such as house-heating boilers, internal fire-hbox 
boilers, and vertical boilers not provided with extension 
furnaces. 
» With brick side walls, small combustion chambers and short 
gas travel, such as water-tube boilers with grates directly 
below the heating surface. 
ec With iron surfaces of boilers forming roof of combustion 
chamber, and long gas travel, such as horizontal return 
tubular, Heine type, ete. 


d With brick-enclosed combustion chamber and long gas 


travel, with special arches, piers,etc., to aid in mixing air 
and gases. 

e Any one of the above equipped with automatic steam jets 
and air admission. 

f Any one of the above equipped with automatic stokers. 


DESCRIPTION OF TESTS 


To illustrate the variations in conditions under which coal is 
ing burned, tests were made, and are herewith tabulated in Tables 
to 7. 


- 
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The observations in Table 1 were made at an electric light plant 


on B. & W. boilers, rated at 350 h.p. each. These boilers were set at 
a height to give about 42 in. between the grate and tubes of the boiler. 


TABLE 1 TEST ON B. & W. BOILERS 


' 
Drarr THICKNESS 
Back OF OF 


BoILer Fire 


Gas ANALYSES 
Per Cent BY VotumE 
REMARKS 
Oz co 


Fired 14 shovels coal 
4 min. after firing 
Fired 15 shovels 

5 min. after firing 
Fired 14 shovels 
Raked fire 

3 min. after raking 
Fired 15 shovels 
10 min. after firing 
Fired 16 shovels 

2 min. after firing 
Fired 17 shovels 

3 min. after firing 


TABLE la SPECIAL DRAFT READINGS TO SHOW ACTION OF DAMPER 
REGULATOR 


REMARKS 


0.06 Damper closed 


0.35 10 Damper half closed 


Dxarr aT OUTLET FROM BoILer 


0.07 Damper closed 
0.42 Damper open 
0.46 Damper open 


It. will be seen from the analyses that when several shovelfuls of cou! 
were fired at one time, large amounts of carbon monoxid and unburned 
gas escaped from the furnace and that there was also a considerable loss 
after long intervals if the damper was nearly closed. The stack 
smoked almost continuously during this period and the smoke was 
more than 60 per cent black for periods of four or five minutes after 
each firing. These readings in this table indicate the frequency of 
changes in the draft due to the action of the damper regulator. Suc! 
changes are unfavorable to good combustion. A damper regulator 
in perfect working order should not permit of such fluctuations in 
draft. The analysis of coal burned at this plant was as follows: 


= 
a 
al 
4.07 0.10 18 ; 
4.25 0.11 17 12.5 a 3.5 = 
- 4.45 0.21 18 13.7 1.0 6.7 
5.15 0.25 18 18.2. 0.6 1.0 
a 5.35 0.20 18 15.3. 1.0 3.6 
5.58 0.08 19 12.0 0.3 4.7 
p.m. 
6.25 
6.26 
6.27 
6.30 
6.32 
' 
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Moisture 79 
Volatile. ... 5.30 


Fixed carbon 3.99 


100.00 


_ These results indicate that the conditions under which the coal was 
burned were very unfavorable, that the fire was too thick, that too 
much coal was fired at one time, and that the draft was not properly 
regulated. The combustion chamber is small and the gases pass 
directly from the fuel bed to the boiler tubes with but little opportun- 
ity to mix the gases from different parts of the grate. With such a 
furnace it is possible to have too little air on one side and too much 
air on another. Frequently there will be incomplete combustion and 
an excess of air at the same time. 


TABLE 2 TESTS ON A CLIMAX BOILER 
F LUE Gas Anatyses Per Cent By VOLUME yp 
OVER Temp. 
PRes- Excess 
Water Fame. CO: co N 


0. 
0. 
0 

0. 
0. 
0. 
0. 
0. 
0. 


aS 


*Hand damper dropped. 


The results in Table 2 were obtained on a Climax boiler, rated at 
“OO h.p. This boiler was provided with a plain grate, having 125 
~. ft. of surface. The distance between the grate and the boiler 
‘ubes was 33 ft., the tubes being directly over the fire. The rate of 


. 
@ 
ANDALL 
a 8 
oe 
-) 
4 
-¢ 
= 
Ti 
Lad 
From 
4 
a.m. 4 
9.00 9.30 0.11 99 565 12.6 6.2 0.0 81.2 41 : 
9.30 10.00 0.13 98 565 13.8 4.6 0.1 81.5 27 ¢ 
10.00 10.30 0.12 101 595 14.6 4.0 0.2 81.2 23 7 
10.30 11,00 0.11 99 575 14.9 3.9 0.1 81.1 23 7, : 
11.00 11.30 0.17 97 545 12.6 6.6 0.0 80.8 45 
11.30 11.58 0.11 97° 540 13.4 5.5 0.0 81.1 35 ; { 
p.m. p.m, 
1.30 2.00 0.1 81.1 42 
2.00 2.30 0.0 80.8 35 . 
2.30 3.00 0.0 80.9 37 7 
3.00 3.30 0.0 80.5 61 ‘th 
3.30 4.00 0.0 80.6 44 
4.00 4,30 0.1 80.8 29 
4.30 5.00 0.0 80.9 30 
5.00 5.30 0.0 81.2 25 7 
5.30 5.55 0.3 80.6 29 
Average........ 0.1 80.9 35 
| 
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combustion was low, being approximately 12 lb. of dry coal per sq. 
ft. of grate. The coal used was of the character shown by the follow- 


ing analysis: 


This furnace is open to the same criticism as that in Table 1, but the 
results are good because of exceptionally good firing. 


TABLE 3 RECORD ON HORIZONTAL RETURN TUBULAR BOILER 
Gas ANALYSES 


Drart Drart PerCent sy 
FurRNACcE OUTLET 


MIN. Coat Tuick- 
AFTER Firep NESS, 
SHOVELS In. 


REMARKS 
CO: Os 


10.45 ss 11.6 8.2 


11.05 No smoke 


4 minute 


§ minute 
11.30 7 0.24 0.48 13.2 6.6 


Note.—When fire ts loosened by bar, smoke as high as 60 per cent is given off for about } minute 
and an average of about 20 per cent for two minutes after. 


There were four furnace doors equally spaced around the circum- 
ference of the furnace. Coal was fired in quantities of about five 
shovelfuls at a time and at regular intervals. At times just after 
firing there would be a very thin smoke at the top of the stack. In 
many cases there was no smoke. On two or three occasions the smoke 
reached a density of 40 per cent for a period of about one-half minute 
after firing. This plant was practically smokeless except at times wher 
the fires were banked or when they were broken up after having been 
banked and when cleaning the fires. It was only for a very short 
period of time that the smoke was darker than 60 per cent black. This 
plant smoked about 40 per cent black for one-half minute after firin2 


Ty 
7 
if 
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when the coal was very wet. Fulleapacity could not be carried without 
smoking seriously. 


The behavior of the same coal in another plant under a return 
tubular boiler is shown in Table 3. The boiler was provided with a 
rocking grate having an area of 36 sq. ft. The fireman was not a 
highly trained one, but the fires were maintained in good condition 
and there was practically no smoke during the periods of regular 
operation. The load was nearly constant. This furnace has a long 
combustion chamber and is not nearly so sensitive to changes in the 
thickness of the fire or the amount of coal charged at one time as the 
furnaces described under Tables 1 and 2. 

The observations in Table 4 were taken on a 225-h.p. vertical fire- 
tube boiler of the Manning type, having a grate surface of 414 sq. ft. 
and provided with two firing doors and eight steam jets. The dis- 


TABLE 4 GAS SAMPLES TAKEN AT POINT WHERE FLUE GASES LEAVE 
BOILER ROOM 


Drart, IN. oF WATER 
Temp. 


Over Fire In Flue 


12.0 
11.0 
11.8 
10.2 
11.2 
12.6 
12.6 
11.9 
13.5 


0.30 
0.35 
0.30 
0.30 
0.30 


0.25 


o 


* Steam jets in operation. t Steam Jet off. 


tance from the grates to the heating surface is 6 ft. This furnace is 
milar to thosein Tables 1 and 2 and can not be operated at full eapac- 
ily without smoke unless steam jets are used. The coal burned 
the following composition: 
Moisture 
Volatile 


100.00 
0.63 


14,538 


4) 
111! 
4 
+ 
1.00 80.0 0.40 470 
1.20 0 81.1 0.35 480 
1.40 0 0 30 470 
2.00 0 80.5 0.40 490 
2 20 0 80.5 0.35 490 : 
0.9 79.8 0.30 490 
= 
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Each steam jet draws in a quantity of air through a pipe which 
surrounds it. Provision is made to regulate the amount of air sup- 
plied with the steam. These steam jets are located about 33 ft. 
above the grate surface. The thickness of fire is maintained at 
about 12 in. and the fuel bed is kept as level as possible. Coal is 
charged in quantities of 8 or 9 shovelfuls at a time through one door 
of the furnace. At intervals of about 8 or 10 minutes, depending 
upon the load, the other door is charged with a similar quantity of 
coal. The rate of combustion is about 20 lb. of coal per sq. ft. of grate. 


TABLE 5 TESTS ON PLANT HAVING HORIZONTAL RETURN TUBULAR 
AND STIRLING BOILERS 


Drart, IN. oF : Gas ANALYSES 
WATER P Per Cent By VOLUME 


or OPEN 
PosiTION 
or DAMPER 


Over In 
Fire Flue 


Arr Excess 
Per Cent 


FIRING 
DAMPER HAD 
BEEN CLOSED 


co 


STIRLING BOILER 


0.04 0.05 480 


0.04 
0.09 0.12 
0.08 0.11 


4 
2 
0 
2 
6 
2 
8 
5 


HORIZONTAL RETURN TUBUL/ 


0.16 


~ 
i=) 


Hortzonta! 
Stirling Return 
Tubular 
Average thickness of fire, in W 
Average weight of coal fired each time, lb 55 
Average Interval between firings, min 7 
Intervals between firings vary 


we 
t —_ 
+ 
3 10.40 l Cod 2.7 4 5 : 
re. 10.55 9 Open ¢ a4 2 3 
4 11.10 24 Open ( ).16 445 0 136 
- 1.05 5 Closed 0 ).04 445 16.2 ( 4 3 
* 1.20 11 Open ( ).26 455 5.5 14 6 248 
1 Cl | 420 13.0 1 4 5 
420 8.8 g 4 90 
Average 6.0 2.7 80.5 69 
° 
2.30 0 80.0 68 
2.45 0 79.6 50 
© 3 00 0 81.2 35 
3.15° 4 80.8 22 
3.30 0 80.2 52 
3.45 0 79.6 73 
4.00 79.9 62 
Average || 1 80.1 52 
Per cent of time damper 
Lb. of coal burned per sq. ft. of grate surface per hr................... ...... 10.3 14 5 
fire 3.144 
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To determine the effect of the steam jets, observations were taken with 
and without them. 

With the steam jets on there was practically no smoke issuing from 
the top of the stack and it would be classed as a smokeless plant. 
Without the steam jets, it will be noted that there was considerable 
unburned gas and there was smoke varying from No. 1 to No.3, Ringel- 
mann’s chart. While this would not be classed as a dense black smoke, 
and the plant would not be subject to a fine under most city ordi- 
nanees, it would indicate that a little carelessness on the part of the 
fireman would without doubt cause dense smoke and subject the plant 
to fines. 

The observations in Table 5 were taken in a boiler plant burning 


coal which analyzed as follows: 7 
: 8 


3.38 
20.32 
66.94 


Sulphur..... 2.22 


The plant was equipped with a 150-h.p. horizontal return tubular 
boiler having 33 sq. ft. of grate area, and a Stirling boiler rated at 
225 h.p., having a grate area of 48 sq. ft. The draft was regulated by 
means of a damper regulator operating on individual dampers on 
each of the boilers. 7 

TABLE 6 B.& W. TYPE BOILER HAND-FIRED 


Drart Temper- THick- . MIN 
SHOVELS 
ATURE | NESS OF AFTER CO: O: 


Furnace Boller Gas Fire, IN FirinG 


0.36 7 725 

745 7.3 12.0 

8.1 9.6 

\o'e.—This plant smoked 100 per cent black for about 2 minutes after each firing,and did not 
le.r up for 5 or 6 minutes. Average period between firings about 10 minutes. 


uring the time the observations were taken on the Stirling boiler 
load was light and the damper was closed most of the time. The 
k smoked badly during this period. During the period of obser- 
ns on the horizontal return boiler the greater part of the load 
placed on it. A higher rate of combustion was maintained and 
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economical! operating conditions resulted. It is probable that if this 
boiler had been operating alone that the amount of smoke would hav: 
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been greatly reduced. 

It will be noted that the damper on the horizontal return tubular 
boiler did not close sufficiently to reduce the draft. The method o/ 
firing in this plant was very poor; there was too much coal fired at 
one time and the intervals between firings varied from 2 to 1S minutes. 
This is too great a variation. The firemen paid no attention to the 
position of the dampers and coal was charged in large quantitics 
when the damper was closed. This coal on being heated gave up its 
volatile gases, a large part of which passed to the stack without burn- 
ing on account of the limited supply of air, due to low draft. This of 
course caused dense smoke and an enormous fuel loss. The calculated 
loss due to carbon monoxid in the flue gases from the Stirling boiler 
amounted to approximately 11.5 per cent. 

The observations in Table 6 were made on a B. & W. boiler rated 
at 200 h.p., provided with rocking grates 6 ft. by 6 ft. Coal was 
burned at an average of 18 lb. per sq. ft. of grate. 

It was the practice of the firemen to charge a large quantity of 
coal at one time and to allow the bed of fire to burn low before firing 
again. This practice is bad in any case, but with the high volatile 
coal burned, the results show a very poor economy. The plant smoked 
badly after each firing. The coal used was of the following com- 
position: 


Moisture 
Volatile 


11.29 


100.00 
2.69 
13,324 


These examples serve to emphasize the importance of favoral)le 
kinds of coal, careful firing and large combustion chambers. Many 
others might be given but these represent typical cases and indics‘e 
how inefficiently most of the boiler plants are being operated. ('n 
the other hand, it will be observed that with careful firing results were 
obtained which compare favorably with plants in which auton ce: 
stokers are being carefully operated. The best results were obtained 
with plants burning low volatile, low ash coals, and with loads w!. ch 
were practically constant, and usually below the rated capacity of |e 
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TABLE 7 


DEsIGN 
FURNACE 


=) 


Corru- 
gated 
Flue 
Steam Plain 
Jet 
Steam Dutch 
Jet Oven 


Dutch 
Oven 


Dutch 
Oven 
Brick 


Brick 


Down 
Draft 


Down 
Draft 


Coking 


None Coking 


Steam Plain 
Jet 


Steam 


Plain 


Plain 


W. Va. 


W. Va. 


Screen- 
ings 


R.o.m. 


R.o.m. 


Slack 


Fine 


Screen- 
ings 


Screen- 
ings 


Nut 


R.o.m. 


R.o.m. 


R.o.m. 


R.o.m. 


Screen- 
ings 
Slack 
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PER CENT 
SMOKE 


KIND oF 


B. & W. 
Type 


Scotch 
Marine 
Type 

7 Stirling 


B. & W. 
Type 


Water 
Tube 


B.& W. 
Type 
Heine 
Type 


B.& W. 
Type 
Heine 
Type 


Scotch 
Marine 
Type 
Scotch 
Marine 
Type 


Stirling 


H.r.t. 


ABOVE 
60% MIN. 


PER Hk 


each firing. 


REMARKS 


Six }’’ steam jets. 

Smokes 10 to 20% for 4 min. 

Success due to careful oper- 
ation. 

Air admission at bridge wall. 


Steam jets continuous. Twenty 
jets to furnace. 

Eight }'’ steam jets to each fur 
nace. Observations include 
some 10, 20and 40% readings 

Large combustion chambers 
Furnace doors cracked after 
firing. 

Usually burn half anthracite 
to keep down smoke. 

Dorrance design Total 
length of brickwork over 
furnace 11.25 ft. 

Long sloping brick = arch 
(Dorrance). 

When coal ts fired. Occasion- 
ally on lower grate, smokes 
40 to 60% about 1 minute. 

Ash pit doors opened a little 


Burke design. Stack clear 
except for short time after 
cleaning, 40 to 60% black 
smoke. 

Burke design. Large coking 
capacity. 

Arch in combustion chamber. 
12 automatic steam jets on 
5 or 6 minutes at each firing. 

Large combustion chamber. 
Jets not automatic. Careful 
firing. 

Large coal. Special brickwork 
on bridge wall. Less than 
20% smoke 1 min. after 
firing. 

Smoke observations include 
some 10, 20 and 40% readings. 

Coal cokes and requires fre- 
quent poking. Smokes 60% 
and less about 1 min. after 
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21% 
217. None Slack 12.5 
218 Non : Fine 32.1 
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boilers. It is demonstrated that plain hand-fired furnaces may unde: 
very favorable circumstances be operated without smoke, but that 
under ordinary conditions they will be inefficient and smoky. 

The results in Table 7 are from U. 8. Geological Survey Bulletin 
373. During the investigations of smokeless plants it was noted that 
very few plants were being fired by hand without smoke unless steam 
jets were used for at least a minute or two after each firing. Some 
plants were doing fairly well without steam jets, but they were in 
many cases burning large-sized coal and admitting an excess of air, 
or they were operating at low capacity. Some of the better operated 
plants were not smokeless but the stacks smoked only for one or two 
minutes after each firing, beginning with a density of about 60 per 
cent black and diminishing to about 20 per cent at the end of a half 
minute. Sueh plants are not usually subject to fines. 


General deductions may be drawn as follows: 


GENERAL DEDUCTIONS 


a Plain hand-fired boilers may be operated with but little 
smoke with low volatile coals, or in some cases, with othe: 
coals if the rate of combustion is low. 

Hand-fired furnaces with brick arches, ete., are more easily 
operated without smoke than the plain furnaces. 

Almost any hand-fired furnace may be operated by means 
of steam jets so as to produce but little smoke. 

d While all of the above may be accomplished with a skilled 
fireman, such plants cannot be depended upon for smoke- 
less results at all times. 

Stokers without suitable combustion chambers or whicn 
improperly operated may be expected to smoke. 

Experience has demonstrated that the best stokers proper|y 
installed are superior to hand-fired furnaces for economy 
and smokelessness. 


As will be seen from these results, it is possible to burn low volat'!: 
and low ash coals with nearly the same efficiency at moderate rat= 
of combustion as may be expected with mechanical stokers whon 
operated by firemen equally skilled. This condition makes it diffic.' 
to induce the owners of small plants to install stokers unless they «i: 
for the purpose of reducing the smoke. Ina large plant the expen- 
installing stokers is fu'ly justified because of the saving in fuel 


labor. They may in a sense be considered as part of the coal-hand. 
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1c benefit of the best engineering 
expert engineering 
The econ-_ 


The large plant has th 
| construction, and of 
period of operation. 
due to a higher order of ; 
plant, the reduction of 


machinery. 
talent in its design an 
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CONCLUSIONS 
The smoke from power plants may be greatly reduced by adopting 
the following methods: 
ituminous coal with 


~oals or mixtures of 
Use steam 


in all hand-fired furnaces. 
at high rates of com- 


a Use low volatile ¢ 
coke or anthracite 
jets if necessary to prevent smoke 

{ bustion. 

— b Use automatic stokers in all plants in which the expense 
ean be offset by the saving due to better combustion, 4 
reduction of labor and the use of cheaper fuel. 

« Build central plants for heat, light and power to replace the 


numerous small boiler plants in the business districts 


of our cities. we 
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FURTHER DISCUSSION 


ki. G. Baitey. Although the Ringelmann smoke chart has bee: 
used for many years as a standard of measurement, it has onl) 
recently received the attention which it deserves. The error caused by 


the personal factor of the observer, which is much smaller than is 
generally believed, is due to the color of the smoke being sometime- 
of a brownish east as compared with the jet black ink used in making 
the charts. [t must be remembered that smoke corresponding to 
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Stack - Inclined Grate 
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Fig. 1 Prior or OBSERVATIONS GIVEN IN TABLE 8 


No. | must allow 50 per cent of light to pass through it; No. 4 pas-e> 
20 per cent of light; No. 5 is opaque regardless of exact matching 
of color shades. 

When comparing smoke with the chart, the density of smo 
should be as dense as or denser than the number assigned it, yet) 1 
so dense as the next higher number. For instance, if smoke is der r 
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than No. 3, and not so dense as No. 4, it should be reeorded as 
No.3. Likewise, if smoke being emitted from a stack is not so dense 
as No. 1, it should be recorded as — 1 or +0. The density of the 


smoke is obtained by averaging all readings and expressing the result 


in percentage of smoke on the basis of No. 5 being 100 per cent, but 
this method gives very little idea of the nature of the smoke. Ringel- 
mann chart readings are usually taken at }-min. or l-min. intervals 
during the period of an hour or more and the readings plotted in the 
form of a log. The plotted continuous log gives a very good general 
idea of the manner and regularity of the smoke emission, but it is 
very unsatisfactory for comparing one stack with another, or the 
same stack from time to time. 

An additional method which the writer has used to good advantage 
for several years is to plot a series of readings as one characteristic 
curve. This is done by adding the total number of readings of each 
different density and reducing them to a basis of minutes per hour. 
To the number of minutes corresponding to each density arc added 
all the minutes corresponding to the greater densities. Ringelmann 
chart numbers are then plotted as ordinates, and minutes as abscissae. 
lor example, in Fig. 1, stack 7, the readings of a 2-hr period reduced 


TABLE 8 SMOKE OBSERVATIONS—STACK 7 


Denstry, RINGELMANN Smoke or Eacn Density Smoke or Eacu Density anp 
Cuarr No. Emirrep, Min. Darker Emitrep, Min. 


2.0 


1.0 
9.5 
23.0 
10.5 


Total 60.0 


iinutes per hour were as shown in Table 8. The values in the 
column are plotted as abscissae on the lines corresponding to 


uts Indicates the general character of the smoke being emitted. 
“he curves in Fig. l represent a variety of plants located in different 
ces With various equipment, but all burning semi-bituminous coal 
) volatile matter between 17 and 21 per cent. Most of these data 

obtained in connection with the drafting of the smoke bill 


7 ‘© different density numbers, and the curve drawn through these 


4 
i 11:5 
2 21.0 
1 440. 
lor +0 54.5 
0 60.0 
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recently enacted for Boston through the effort of the Fuel Supply 
Detailed infor 


mation relative to the rate of combustion, numberof boilers in opera 


Committee of the Boston Chamber of Commerce. 
tion, flue gas analysis, ete., is lacking in these cases, but they ary 
given to show the different characteristics of different equipmen 
and operating conditions. 


Observer 


Observer 


—-— Observer 
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Test No.2 


B 
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10 20 bu 40 
Time-Min, per Hr 


Fig. 2 CHARACTERISTIC SMOKE Curves FROM INTERNALLY-Firep Borer 


Stacks 1, 2 and 3 (Vig. 1) are connected with hand-fired boilers, 
and the curves show the same general rate of gradation, but there is 
i great difference in the total amount of smoke produced from 
Stack 1 emitted No. 5 smoke for 33 min.; No. 4 smoke and dark: ', 
144 min.; No. 3 smoke and darker, 53 min.; No. 2 smoke and dark: r, 
No. 5ont ie 


594 min.; and No. | smoke and darker, 60 min. per hr. 
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Ringelmann chart includes all smoke that is opaque, and for a stack 


of a given diameter a certain amount of carbon particles per cubic 
foot 1s necessary to make this smoke opaque, but twice as much 
carbon or smoke could be earried per cubic foot of gas without 
changing the readings. This point is graphically brought out in these 
characteristic smoke curves. For instance, stack 1 would not be likely 
to produce smoke of No. 5 density, no more or no less, for 33 min. 
out of L hr., but during a part of this time it is undoubtedly much 
denser, as indicated by projecting the eurve back until it intercepts 
the zero line at a density of eight. The exact nature of the extended 


—— { 
Coal 
Stack No.1 


Stack No.2 
» Stack No.3 
Stack Now 


‘Density of Smoke by Ringe!mann Chart 
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Smoke Emirrep rrom Four Dirrerent Stacks ON Two 11-Hr. Tests 


port of this curve is problematical, but it illustrates the point that 
' average density of smoke may be much greater than is indicated 
'. merely averaging the readings in the usual method. The average 
/vsity of smoke, as compared with No. 5 by the Ringelmann chart as 
sis, is the area HI BEG divided by AMGH, or 103 per cent. (Fig. 1). 

the area representing smoke denser than No. 5 is neglected, 
cave area ABEGH divided by AMGH, or 87.8 per cent. If the 
| method of averaging smoke readings, such as was apparently 
‘in the U.S. Geological Survey Bulletin No. 373, be applied to this 
k we get only 83.3 per cent. This error is due to the omission 
/ he triangular areas BJC, CKD, DLE and ENF, which properly 
‘ig in the area representing the total smoke emitted. All of the 
4 readings representing the 113 min. from J to C, were as dense 
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as or denser than No. 4, and less dense than No. 5, so they would 
naturally be distributed along the diagonal line BC, and the same 
holds true with respect to the other parts of the curve. Applying 
the averaging method to the curve representing stack 5 (Fig. 1), 21.5 
per cent of smoke is obtained, while the true average from the area 
is 31.8 per cent. The flatter the curve, the greater is the error ¢: aused 
by the use of the averaging method as usually applied, and the 
result is always too low. 

Stacks 4, 5 and 6 are connected with stoker furnaces of the over- 
feed type, the first two having short coking arches with front-feed 
The plants are similar with respect to the number of boilers and size 


TABLE 9 GENERAL DIMENSIONS AND EQU IPMENT OF EACH STACK 

— 

NUMBER TOTAL Torat 
STack 

Strack Borers BoiLer, AREA, MetHop or Finina 
CONNECTED H.p. Se. Fr. 

1 8 6 h.r.t. 900 204 hand-spreading 

2 74 8 h.r.t. 1200 242 hand-spreading 

3 4 1 porcupine 300 56 hand-spreading 

4 1050 235 hand-spreading 


of stack, but the relative rates of combustion, volatile matter in 
coal, ete., are not known. Stack 6 had only one furnace of side- 
feed type with a long coking arch connected with it. Stacks 7 and 
8 are connected with underfeed stoker No. 7, having five stokers wit! 
flat grates, and stack 8, having three stokers of the inclined grat: 
type. 

No specific conclusions as to the value of the different methods of 
firing should be drawn from the curves in Fig. 1, since they arc 
merely given to show the great variation that exists in actual practic 
between plants with similar equipment. 

The characteristic smoke curves in Fig. 2 were all taken from the 
a same stack connected with an internally-fired boiler of the locom«- 
: tiv e type. The same kind of coal was fired by the same firema:, 
using the spreading method, in each test. The only changes msi ' 
on the different tests were in the amount and temperature ©! 
secondary air supply. The coal used on these tests contained abov'! 
30 per cent of volatile matter, and over 50 lb. of it were burned por 
square foot of grate per hour. 

The agreement between different observers is shown in ‘Tests 1 « 
Observe rs A and C had had very little experience in the use «! 
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the Ringelmann chart, and neither knew that observer B was 
taking readings. 

The curves in Fig. 3 represent the smoke emitted from four dif- 
ferent stacks at one plant on two 1l-hr. tests made on consecutive 


PABLE 10° GENERAL DATA REGARDING SMOKE PRODUCED 


bh Analysis of coal Per cent 
| 8.57 6.97 
Boilers of Stack In. of Water 
d Average draft in firebox ..................... l 0.45 0.31 
2 0.25 0.32 
3 0.30 0.32 
0.21 0.27 
Lb 
¢ Coal fired per sq. ft. grate perhr............... 1 15.1 13.8 
2 11.9 11.8 
3 19.6 16.5 
7 1 9.2 11.7 
Per cent CO, 
Volume 
Flue gas analysis l 8.1 
2 6.9 7.4 
7.4 9.5 
Per cent CO 
Volume 
g Flue gasanalysisCO......... 
2 0.05 
} 0.20 
Per cent 
\irexeess from flue gas analysis ............. 137.0 146.0 
2 1S0_0 149.0 
4 155.0 S7.0 
' ~noke with No, 5 on Ringelmann chart as 100 per 
cent, from Fig.3 1 13.8 22.8 
2 18.2 35.8 
3 34.7 56.0 
4.3 
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days. ‘The tests were primarily made to determine the comparativ: 
values of the different coals from the evaporation on the entire plant 
and the firemen gave no attention whatever to the amount of smok: 
made, 

Table 9 gives the general dimensions and equipment connected 
with each stack, and Table 10, the general data which have direct 
bearing on the amount of smoke produced. All conditions were 
maintained as nearly uniform on the two tests as the daily opers- 
tion of the plant would permit, the only intended change being in 
the coal burned. The principal difference between the coals so far 
as smoke is concerned is in the percentage of volatile matter, 
which was 16.22 and 18.81 in coals A and B respectively as fired, or 
17.04 per cent and 19.88 per cent on the dry basis. Owing to changes 
in the draft and the amount of clinker formed, the rate of combustion 
Was not quite the same for the two tests. There was also some change 
in the flue gas analysis and air excess. The gas samples were taken 
from the main flues and ineluded considerable leakage of air throug! 
the boiler settings. No gas analysis was made from stack 3. 

The curves in Fig. 3, and ¢ (Table 10) derived from them, indi- 
vate the increased amount of smoke due to an inerease of 2.8 per 
cent in the volatile matter. The increase in smoke from stacks | 
and 3 was proportionally less as compared with the increase fron, 
stack 2, owing to the lower rate of combustion in stacks 1 and 3 
with coal B, as compared with coal A, while the rate was practically 
the same for both coals instack 2. The amount of smoke from stack 
4 was four times as much with coal B as with coal A, due to an increase 
in the volatile matter of the coal, rate of combustion and decrease in 
the excess of air. 

Slight differences in the percentage of volatile matter, rate of com- 
bustion, air excess, method of firing, ete., are found to have a marke! 
effect upon the amount of smoke produced when the characterist\« 
curves are drawn. By the use of such data and curves, it is possi!) 
to determine the relative importance of the different factors affecting 
this problem, and to take intelligent steps to reduce the density 0! 
smoke to the desired limits. 

The time and density limits incorporated in the law for the al a - 
ment of smoke recently enacted for Boston and its vicinity have |» 
worked out along this line and are possible of attainment in eve: - 
day practice if the conditions of individual plants are properly stud | 

and changes intelligently made. 
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lrepDeERtIC H. Keyes said that the power plants of New England are 
so situated that the use of anything but bituminous coal is impossible ; 
and unfortunately the price is usually the controlling factor rather 
than the quality, a fact largely responsible for the amount of smoke. 
Some of the largest users of bituminous coal have already found it 
advantageous to buy their coal under specifications especially drawn 
up to meet their requirements. This would seem to be the first step 
in the right direction, so far as smoke is concerned. The next step 
is to fire and burn it properly. Here the coéperation of the fireman 
is absolutely necessary. If he could be induced to regard the prob- 
lem from the standpoint of the man who pays the bills the results 
would be entirely satisfactory. From personal experience and obser- 
vation he knew thatin plants where a good system of firing was followed, 
satisfactory results were obtained with a reasonable amount of super- 
vision and without any other special devices. Next to the fireman 
bi quantity of air, together with the manner and conditions under 
which it is mixed with the products of combustion, is of the greatest 
importance. This is a point which must be determined for each 
individual ease according to the kind of coal used and the general 
conditions governing the operation of the plant. It is a fact that 
under favorable conditions a good grade of bituminous coal can be 
uirned without making smoke, and under other conditions the results 
are satisfactory if mixed with anthracite screenings or coke breeze. 
lt is believed that special devices such as steam jets and fire-brick 
arches, with few exceptions, usually cost more to operate and main- 
tain than can be saved through the use of low grade fuel, for which 
some such special device is almost always required in order to obtain 
even approximately satisfactory results. While it is believed that 
ereater care in the purchase of coal and the setting of boilers will 
-complish much in the way of preventing smoke, more can undoubt- 
ly be done by educating the fireman to the proper use of the fuel 
civen him. 
(‘HARLES H. Mannine. The use of underfeed stokers deserves 
ve consideration than Mr. Randall gives it, not so much for smoke 
“vention as for economy. Such stokers heat the fuel slowly and 
hydro-earbons are gradually gasified, which allows of their com- 
‘ion as they pass up through the incandescent layer of fuel above 
i; Whereas in hand-firing they flash into gas as the coal is thrown 
‘op of the fire, and pass off largely unconsumed, increasing the 


oke. It is true that these stokers are used to less advantage in 
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power plants running intermittently since they smoke when the fur 
nace door is opened during the last hour of the run to break dow: 
the fire. 

It is believed that with hand-firing the fixed carbon is a bette: 
guide to the value of the fuel than the British thermal units, which: 
are a useful guide, however, for underfeed stokers. 


Henry Barrierr. I wish to speak of the problem of smok: 
abatement from the standpoint of the railroad man. giving some of 
the reasons for making smoke, the difficulties in mitigating it, and 
some of the remedies applied. 

We have, in the locomotive itself, an overworked power plant. 
The boiler is restricted in dimensions, operated under foreed drait 


at all times and compelled to burn 100 lb. or more of coal per square 


foot of grate per hour as compared with the stat ionary plants burning 
10 or 20 lb. The locomotive boiler is called upon for ranges of work 
greater than that of any other service. One moment the locomvo- 
tive may be quietly standing in the roundhouse with the banked fire 
and only 40 or 50 lb. of steam on the boiler, and within an hour it 
may be running on the road with its 200 Ib. of steam and exerting its 
maximum power. It may be moving along and handling its heavy 
train, emitting little smoke, when the next moment it is sudd: nly 
stopped by a signal or flag, or required to take a siding to meet un 
opposite train. Under such changes it is impossible to eliminate thi 
smoke, since the large body of coal necessary to perform the work 
keeps on emitting the volatile gases until they have disappeared. 
The terminals of runs are necessarily in large cities and here the 
locomotives are housed and have their fires cleaned and built up, all 
of which involves dirt and smoke. For these reasons it is impossil le 
to burn bituminous coal in locomotive service without some smoke. 

The only smokeless fuels available are anthracite coal, coke and ol. 
Should the railroads resort to the use of the first, the supply would 
be insufficient, since Pennsylvania mines only 70,000,000 tons an- 
nually, or less than the amount of coal consumed by the locomotiy:s 
per year, and secondly, the price would so advance as to render the 
cost prohibitive. While coke is smokeless, that is its principal claim 
for merit, since on account of its other qualities, it has only about 
50 per cent of the efficiency of bituminous coal. Oil properly fir! 
is a smokeless fuel and is largely used by the railroads adjacent to 
its source, but it is also limited in supply and the cost of its transpor- 
tation would make it prohibitive for general use. Smoke-consum')¢ 
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devices have so far been unsuccessful and the only thing of this kind 
in use today is the brick arch, which increases the course of the gases 
and delays their departure from the firebox, thereby assisting in 
their com) ustion. 

I believe the real and only solution of the smoke problem is the 
education and supervision of the engineer and fireman. It is a 
joint problem between the two, for negligence on the part of one 
can defeat the good efforts of the other. This education on a big 
railroad is a great problem and involves the continuous efforts of a 
The railroads are at all times putting forth 
every energy and sparing no expense to reduce smoke to a minimum. 
As a result I believe I am safe in saying that great improvement has 
been made. 


large number of officers. 


GerorcE H. Barrus. The gases first evolved from a charge of coal 
thrown on a hand-fired furnace are in their original cold state. Con- 
tuct with the hot atmosphere and radiant heat of the furnace increases 
the temperature of the exposed portions of the gases sufficiently to 
ignite them, and these take fire and burn away. Portions of gas 
which are not favorably exposed receive an insufficient quantity of 
heat to become thoroughly ignited, and these pass out of the fur- 
nace in an unconsumed state. It is the unheated gas thus formed 
which causes smoke, and the whole problem of smoke prevention lies 
in overheating, so to speak, these gases before leaving the combustion 
chamber, so that they will ignite. When these gases receive a 
proper amount of heat before reaching the boiler, they are burned 
without smoke, and the degree of smokelessness obtained depends on 
the degree with which the heating of the gases has been effected. 

This feature of the subject may be illustrated by referring to an 
experiment I have made on a battery of two 300-h.p. vertical-pass hori- 
zontal water-tube boilers. The result aimed at was to ascertain the 
«eet of firing the two boilers alternately and employing the incandes- 
«ut coke of one furnace as a medium for overheating the gases evolved 
‘vom fresh charges of coal in the other. An opening was cut through 
‘¢ intermediate wall between the two furnaces, extending horizon- 
'-y the whole length of the grate and vertically to the lower row of 
oes, putting the two furnaces into free communication. The clos- 
|. of either of the flue dampers was sufficient to cause the products 
» combustion from the furnace of one boiler to pass through the inter- 

liate opening and over the fuel bed of the other furnace, and 
‘ creby to secure the desired object. To make a comparison of the 


smokelessness of this system with the ordinary system of operation thi 
boilers were first run in their usual manner. The coal was New Rive: 
and one boiler was fired at a time. The firing system employed con- 
sisted in charging the two outside doors first, there being three doors 
in all for each boiler, and then waiting a short time before charging 
the middle door. 


Smoke observations were made every minute for a continuous 
period of two hours, the estimated percentage of black smoke being 
judged as it appeared to the eye when escaping from the top of th: 
chimney. With the boilers operated in the ordinary manner, thi 
average amount of smoke observed for the entire period of 2 hr., 
including the time when there was no smoke, was 13.6 per cent. 
The maximum amount was 75 per cent, and for 54 min. there was an 
entire absence of smoke, or only a trace of it. 

When the alternate system was brought into use, the three doors 
of each boiler were fired in rotation, there being no wait between 
doors. Smoke observations showed that the average amount of 
smoke during the entire period of 2 hr., including the time of no smoke. 
Was 2.3 per cent. The maximum amount was LO per cent, and for 
1 hr. 22 min. there was an entire absence of smoke, or only a trace of it. 
It will be observed that the latter method produced a marked effect 
upon the character of the smoke, reducing its density and the length 
of time it was visible. It may be added that the smoky flame leay- 
ing the new coal was seen by actual observation to clear up immedi- 
ately on passing into the secondary furnace. 


Joun T. Hawkins. There can be very little doubt that the sup- 
pression of smoke is a desideratum and a great one, if it is for physica! 
reasons only; but there has been, I think, a great deal of exaggeration 
as to the economy of smokeless combustion. In the products of 
combustion from bituminous coal, there not only are losses from fixed 
carbon, the real smoke, but from uncombined carbon in the form 
of CO. As far back as 1874 or 1875 there was great furor in ani 
around New York about reducing the smoke from soft coal, ani 
many extravagant claims were made as to the losses in burning bi- 
tuminous coal. Theron Steel, a graduate of the first class of engi- 
neers from the Naval Academy, and myself conducted in 1874 and 
1875 in New York a series of experiments to determine what was thc 
difference in economy between the heaviest, smokiest firing that cou! ! 
be made and absolutely clear, smokeless firing with bituminous cox. 
The apparatus was especially prepared and set up in such a way that 
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perfectly transparent white-hot gases could be made to pass out of 
the combustion chamber and the boiler tubes with no sign of smoke 
issuing from the chimney at any time. We could also fire for an 
extreme amount of smoke. There were peep-holes arranged to permit 
the examination of the character of the combustion and of the escap- 
ing gases. All kinds of coal were used, and the analyses were exhaus- 
tive in every way. The results were that we found that between the 
most smoky fire we could make by hand-shovel firing, and the clear 
smokeless fire, there was never more than a loss of about 0.7 of 1 
per cent, more than half of which was due to the increased escape of 
CO, which always obtained with smoky firing. The greatest actual 
loss of fixed carbon was, therefore, only about 0.3 of 1 per cent, which 
shows that the economy feature of the smoke problem is of little 
importance. 

If this loss were as great as Mr. Randall quotes in his paper (3 to 
6 per cent) attempts would have been made long before 1874 or 1875 
to do away with bituminous smoke, and the question would today 
be a much more agitated one than it really is. 


Cuas. H. Bragetow. In looking over some old drawings dating as 
far back as 1785, we find that smoke abatement is not a new problem, 
but one that inventors have been working on ever since that time, 
and many and varied are the methods suggested for decreasing it. 

James Watt in 1785 proposed hot funnels or pipes filling the space 
between the top of the bridge wall and the bottom of the boiler; J.& J. 
Roberton in 1800 introduced tubes in the front wall to admit cold air 
over the fire. In 1809 to 1812, perforated pipes located in the bridge 
wall and extending through the side walls were tried. A little later, 
methods of introducing air from the ash pit through the bridge wall 
and baffles back of the bridge wall were experimented with. In 
1s16, W. Losh proposed to divide the fire longitudinally and to pass 
the gases from one fire under the grate of the other. In 1838, D. 
Civetham introduced a fan to draw the gases from the back of the 
bridge wall and to mix them with fresh air blowing them again through 
the fire. A deflecting arch over the fire was tried by R. Rodder in 
Isos. A coking plate in front of the furnace was designed by 
Howard and Sons, in 1840. J. Smethurst planned to draw the gases 
thiough a water chamber back of the bridge wall by means of an 
ex .ust fan. J. Nutt placed a small secondary boiler back of the 
brilge wall to be heated by the gases, discharging the steam produced 

in’) the hot gases through a perforated pipe thus furnishing oxygen, 


= 
7 1137 
| 
.- 
4 
ae 
4 


SMOKE 


the gases being mixed by numerous baffle walls. In another method 
proposed by Johnson, a water tank divided into four sections is |o- 
cated back of the bridge wall and the gases deflected on the surface 
of each section by hanging walls. The water is thrown into the current 
of gases in the form of a spray by dash wheels, and is combined 
_ chemically with them. Many other methods were proposed from 
time to time including two grates in series and one above the other, 
also many different methods of introducing air into various parts 
of the combustion chamber and behind the bridge wall. = . 


D. T. Ranpatu. Nearly all these statements have been based on 
observations and experience with a particular apparatus and with 
fuels of the same general character. The various experiences in 
individual plants only emphasize the fact that burning bituminous 
coal efficiently without smoke is as important a problem as any which 
claims the attention of mechanical engineers. 

_ It is possible to operate some plants smokelessly and at the same 
time inefficiently. Many plants are so designed that when operated 
to secure the highest economy, some smoke will be emitted from the 
stack and only a slight change in the conditions in the boiler room 
will cause them to smoke badly. 

General conclusions regarding the smoke problem should not be 
based upon such plants alone. There has been considerable progress 
made in the design of furnaces during the past five years and there 
are many plants now operating in which bituminous coal is burned 
efficiently and without objectionable smoke. 
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THE TRANSMISSION OF HEAT IN SURFACE 
CONDENSATION’ 


By A. Orrox, New 


Member of the Society 


Ever since the first use of steam in the arts, the condenser has been 
a very important part of the machinery designed for its utilization 
and the very simple laws governing condensation by mixture were 
early understood and formulated. With the advent of the surface 
condenser the problem became more complicated and the laws 
governing the transmission of heat through tubes or plates from wet 
vapor or condensing steam to water have been investigated by many 
physicists from Poisson in 1835, Peclet in 1841 and Joule in 1861 
down to the present time. The earliest statement of the law of heat 
transmission in solids was made by Newton in 1690, while most of 
the mathematical work has been based on Fourier’s classic pub- 
lished in 1832. Most of the earlier experimenters were misled by 
defects in their apparatus but by 1870 the existence of the gas film 
on the steam side of the tubes was suspected. The existence of the 
water film was suspected as early as 1861. Sir William Thomson 
stated in 1880 that the work of the earlier investigators was vitiated 
by the assumption that the temperature of the metallic surfaces was 
the same as the temperature of the medium in contact with them. 

2 Since 1880 there have been attempts to ascertain the laws of 
heat transmission for condenser practice by many investigators: 
Werner and Hagemann in 1883, Ser in 1887, Richter in 1899 and Hep- 
burn in 1901. The later experimenters have worked with actual 
machinery along what might be termed commercial lines. 

3 The present status of the transmission of heat through metallic 
tubes from condensing steam to water according to various authori- 
ties may be stated as follows: _. 


‘ Por list of Symbols used see Appendix No. 1 
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a The quantity of heat transmitted by a unit of surface in 
unit time is proportional to the temperature difference 
(Joule, Rankine and most of the experimenters) or to the 
square of the temperature difference (Werner, Grashof 


and Weiss) between the media on the different sides of 
of the tube. 
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Water velocity- ft. per sec. 


10— U = 224 V, V 0.023 + (Vv, = 6: 


2—Josse—top of condenser (with ba Tes) 11—Hagemann 
3—Richter—corr. copper tubes (horiz.) 12— U = 17 Vv. vy, Vy 0.023 + Fo (V, = 625 


1—Josse—top of condenser 


4—Hepburn—corr. copper tubes (horiz.) 13—Nicol—horizontal tubes 
5—Josse 14—Stanton—water flowing down , 
6—Hepburn—plain copper tubes (horiz.) 15—Stanton—water flowing up 
eighton—plain tubes 7—Joule 
9—Josse yal te 18—Nicol—vertical tubes 


Fig. 1 VARIATION oF Heat TRANSMISSION WITH WATER VELOCITY 


b The quantity of heat transmitted is proportional to some 


power of the water velocity (vi by Joule and Ser, v: by 
Hagemann and Josse, V,, by Stanton). 
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_ € The quantity of heat transmitted is proportional to some 


vader power of the steam velocity or mass flow (vi by Haus- 

ss brand and Ser, mass flow by Jordan). 
_ d The quantity of heat transmitted is greatly affected by 
val the amount of non-condensible vapors on the steam side 
of the tube (Bourne, Smith, Weighton, Morison, McBride). 

4 These differences of opinion did not trouble designers seriously 
as long as small condensers and vacua of over two pounds abso- 
lute were the rule, but with the development of the turbine the need 
arose for condensers capable of condensing more than 200,000 !h. 
of water per hour at an absolute pressure of less than one pound. 
At first, excessive amounts of surface were installed, but the first cost 
and upkeep led to more careful design and the demand for a more 
accurate knowledge of the laws of heat transmission under condenser 
conditions. 

5 A careful study of the results of all available experiments 
was made and plotted in Fig. 1. These curves show wide variation 
of values, but for a time the attempt was made to work from an 
average curve deduced by giving weights to the various experiments 
depending on the number of individual figures and their consistency. 
This average curve was used in the design of a number of large 
installations with excellent results. 

6 The need for a careful determination of the whole question still 
existed and through the liberality of the management of The New 
York Edison Company the author was enabled to develop the ap- 
paratus and make the experiments described below, the results of 
which confirm and complete much of the work of earlier experiment- 
ers. It is hoped that they will aid condenser designers in producing 
apparatus better suited to the work, more satisfactory and more 
economical than ever before. 


METHODS AND APPARATUS 


7 The object in making these tests was to determine the heat 
transfer through various kinds of condenser tubes and the laws 
governing its variation under different conditions of steam tempera- 
ture, pressure and velocity; velocity of circulating water; and mean 
temperature difference. 

5 In order to obtain these data, a small surface condenser was con- 
structed with a relatively small cooling surface and it was operated 
under conditions as nearly like actual condenser conditions as possible. 
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The steam inlet, dry vacuum, and circulating water lines were so 
arranged and controlled that any desired vacuum, any desired velocity 
of circulating water and any desired mean temperature difference 
could be maintained and that any one of these conditions could be 

_ varied through a considerable range quite independent of the other 

_ two. A hot well was constructed and so connected to the condenser 
that the temperature of the hot-well water (condensed steam) and 
its amount could be determined. Thermometers, pressure gages 
and a water meter were installed and a record was made of all desired 
data. 

9 In order to fulfil these requirements, it was found necessary 
to make numerous changes in the apparatus as first constructed, 
which is shown in Fig. 2. It consisted of a condenser made of 
5-in. extra-heavy wrought-steel pipe, with cast-iron screwed flanges 

on each end. ‘To these were bolted cast-iron blank flanges, drilled 
and tapped for the various steam, water and vacuum connections. 
The condenser was of such a length that exactly 1 sq. ft. of cooling 
surface on a l-in. outside diameter condenser tube was included 
between the inside faces of its end flanges. A condenser tube was 
passed through the center of the condenser and projected about 4 
in. on each end through small stuffing boxes. These stuffing boxes, 
C; and C2, are shown in detail in Fig. 4. A thermometer well and a 
vacuum gage connection were installed for recording the steam 
temperature and pressure. A hot well made of 5-in. wrought-iron 
pipe with a screwed and a blank flange on each end was connected 
to the condenser as shown. On the front of the hot well, a gage 
glass and a graduated scale were placed so that the height of the 
water could be observed and recorded, making it possible to calcu- 
late the weight of steam condensed for any given length of time. 
The valve G was used to empty the hot well at the end of a test. A 
thermometer was installed at H for observing the temperature of 
the condensed steam, the piping being so arranged that there was 
always a solid body of water surrounding the thermometer well. A 
3-in. line connected the top of the hot well to the vacuum line to 
equalize the pressures. The entire condenser and 2-in. line to the 
hot well were covered with 4 in. of magnesia pipe covering to elimi- 
nate the effect of radiation. 

10 The 1-in. circulating water line was taken from a 6-in. salt- 
water fire line in which was maintained a pressure of 90 lb. gage. 
This 1-in. line was connected to the condenser tube at each end by a 
piece of rubber hose which was wired at the ends to withstand a pres- 
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sure of about 20 lb. gage. Thermometer wells and thermometers 
were installed for observing the temperature of the circulating water 
at the inlet and the outlet of the condenser. The method of install- 
ing these thermometer wells is shown in detail in Fig. 3. A water 


12’ e exhaust steam 
1 cire. water 
a 


1Steam line 
4 to vac. gauge aay 
Therm. vacuum line 
I \ M to large cond. N 8 
Condenser 


Tcond. tube 


1 hose coupling 


H 
Therm. well 


pipe 


wat 


. 2 APPARATUS AS First ComarauctEp 
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Therm. well 


rBushing 


1 cond, tube 


Detail of 


1 pipe Therm. wells at Detail of 
M and N stuffing boxes- 
C,andC, 
Fig. 3 
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ieter was installed to register the amount of water flowing. The 
valve P was used to regulate the rate of flow. 

11 The 1-in. steam pipe was taken from the bottom of a 12-in. 
exhaust main which carried the exhaust steam from various auxiliary 


4 
45 


a 


1144 TRANSMISSION OF HEAT IN SURFACE CONDENSATION 


engines to an open feed-water heater. The pressure in this line was 
about 2 lb. gage. The valve R was used to regulate the amount o! 
a admitted to the condenser. 
12 The 3-in. dry vacuum line was connected to the hot well o! 
a large surface condenser which was operated at a vacuum of from 
27.0 in. to 28.5 in. of mercury, or about 1 lb. absolute pressure. Al! 
flanged joints were made up with §-in. rubber gaskets and all screwed 
joints with a heavy coating of red lead on the threads. One of the 
greatest difficulties encountered when running tests at a high vacuum 
was the prevention of air leakage. This difficulty was overcome to 
a great extent by a frequent and liberal application of a special heav) 
asphaltic paint to all joints. It was found possible to hold a vacuum 
within 0.5 in. of mercury of that in the large condenser when all 
valves were closed, except valve S in the vacuum line. With S 
<> closed, this vacuum would only drop from 27 in. to 26 in. in a 
period of 5 min. 
13 All thermometers used in these tests were of the best make 
and could be read with accuracy to 0.1 deg. fahr. The water meter 
~ used was tested at various times and its error determined for all rates 
of flow. All heat transfer tests were extended over a period of 10 
- minutes after conditions had become constant and readings of tem- 
peratures and pressures were taken every 3 minutes. 
14 A series of tests was made on various kinds of tubes at dif- 
ferent vacua, but it was found that the heat transfers calculated from 
these tests had a maximum variation of 20 per cent for the same 
_ tube under exactly the same conditions as to steam temperature and 
pressure, mean temperature difference and velocity of circulating 
water. In these tests the vacuum was varied by regulating the 
steam admitted through the valve R, the vacuum line being kept 
wide open. It was found that to maintain a higher vacuum than 24 
_ or 25 in. of mercury, the steam valve F could be opened only a very 
f small amount and that the steam entering the condenser was super- 
heated as much as 50 deg. fahr. Another difficulty encountered was 
that at low vacuum, when the valve R was almost wide open, thc 
heat transfer figured from the amount of steam condensed, as meas- 
— ured in the hot well, was considerably higher than that figured from 
7 the heat absorbed by the circulating water. This showed that the 
steam admitted must have contained considerable moisture... It wa 
also found very difficult to maintain the rate of flow of the circulati: 
water constant, due to the variation in pressure in the fire line fro: 
which it was taken. To overcome these difficulties, a number « 
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changes were made in the piping. A separator was installed in the 
steam line and the line was taken from the top of the 12-in. exhaust 
main instead of from the bottom. ‘To aid in controlling the rate of 
flow of the circulating water, a pressure gage was installed in the line, 
and to maintain a constant rate of flow it was necessary only to keep 
this pressure gage indicating a steady pressure by regulating inlet 
valve P. In order to make it possible to maintain a high vacuum 
in the condenser without undue throttling of the steam, the dry 
vacuum line was inereased in size to a 1-in. pipe. 

15 Another series of tests was then made and it was found that 
the moisture in the steam at low vacua was practically eliminated. 
It was also possible to maintain a high vacuum, although there still 
seemed to be a more or less uncontrollable degree of superheat and 
the heat transfers for these high vacua tests were considerably 
lower than those at the lower vacua. A water jacket was now placed 
on the steam line with a 3-in. water connection from the circulating 
water line. This arrangement seemed to have but slight effect, 
however, and there was still found to be a considerable variation in 
heat transfer when an attempt was made to duplicate tests. 

16 It was decided that the difficulty must lie with one of the 
following things: 

a The quality of the steam as to amount of superheat, 
moisture, or entrained air and oil. 
b The circulation or velocity of the steam. 


d Cleanliness of the tubes, sss 

17 To take care of the first item, it was decided to build a small 
independent boiler and generate steam as it was needed by means ofa 
high-pressure steam coil. The boiler was constructed of two 14-in. 
flanged tees bolted together, with blank flanges bolted on the ends. 
It was connected to the condenser by a 5-in. pipe, the condenser 
being reduced in length and a 5-in. flanged tee bolted on one end, 
making the total face-to-face dimension the same as before. A 
steam coil, consisting of approximately 22 ft. of ?-in. wrought-steel 
pipe, was placed in the boiler in such a way that it was entirely below 
the water level and still left a sufficient disengaging surface for the 
steam. Steam was supplied to this coil from a high-pressure steam 
tiain through a 1-in. pipe. Make-up water for the boiler was taken 
from a Croton water line through a 3-in. pipe. The bottom of the 
ot well was also connected to the boiler by a ?-in. line containing 
u vate and a check valve so that the condensed steam could be returned 
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_ directly by gravity to the boiler. This arrangement obviated the 

necessity of breaking the vacuum and emptying the hot well after 

each test. A gage glass and a thermometer were installed, the 
whole apparatus being shown in Fig. 5a. 

18 To take care of the second item, the vacuum line was increased 
_to2in. A }-in. connection for a vacuum gage was installed at H 
and a #-in. valve opening to atmosphere at F. With this arrange- 
-ment, for any desired opening of the valve S, a constant velocity of 

steam through the condenser could be maintained by regulating 
the air valve F and the valve K, so that the steam passing through 
the valve S had a constant drop in pressure. This drop, due to 
_ velocity of the steam, was considered to be the difference in pressure 
as read at E and D. 

19 The subject of air leakage was investigated by closing all 

valves except S and K in the vacuum line, when it was found possible 
to hold a vacuum in the condenser practically equal to that in the 

large condenser. The valve S was then closed and observations 

were taken as to the rate of fall of the vacuum in the apparatus. 
It was found that the vacuum would only drop from 28 in. to 27 in. 
of mercury in 15 min. These air-leakage observations were taken 
before every series of tests. 

20 In order that the condition of the tubes as to cleanliness 
should not affect the heat temperature, all tubes used for testing were 
thoroughly cleaned every 10 or 12 tests. A series of tests made with 

this remodeled apparatus under constant conditions was found to 
have a maximum variation of not over 10 per cent and an average 
variation of 3 or 4 per cent. In these tests, the vacua were varied 
_ by regulating the amount of steam admitted to the steam coil through 
the valve 7. 
21 Tests were run at vacua of 7, 15, 20, 25 and 27 in. of mercury, 
_ with circulating water at a temperature of about 40 deg. fahr. an! a 
+" velocity of 8.6 ft. per sec. on the following kinds of tubes (tests 28) 


*1 Admiralty 9 Copper 
2 Admiralty, oxidized 10 Copper, aluminum lined 
3 Admiralty, vulcanized inside only 11 Aluminum bronze 
4 Admiralty, vulcanizedoutsideonly 12 Zinc 
5 Admiralty, vuleanized both sides 13 Tin . 


6 Admiralty, lead lined 14 Shelby steel 


7 Admiralty, old tube from con- 15 Shelby steel 
denser 16 Glass 
8 Monel © 
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The tests with the glass tube were difficult to make on account of 
the thinness and fragility of the tube and the tube was broken before 
all the desired tests were completed. In all these tests, it was found 
that the temperature of the steam was constant throughout the 
apparatus. 

- 22 A series of tests was made on an Admiralty tube with a range 
in velocity of circulating water of from 1 to 11 ft. per sec. and a 


Fig. 5b Apparatus as AcruaLLty Usep 


vacuum of 15 and 27 in. of mercury. 


of the circulating water was varied by regulating the valves at /’ 
and V, the pressure in the condenser tube being always kept above 


In these tests the velocity 


10 lb. gage. All the above tests were made without changing t!« 


_ temperature of the circulating water, which was avout 40 deg. fa! . 
(tests 529 to 622 inclusive). 
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23 To vary this temperature, a 3-in. line was installed connecting 
the high-pressure steam line to the circulating water line as shown in 
Fig. 5a. Withthis arrangement, it was possible to vary the tempera-- 
ture of the circulating water from 40 to 110 deg. fahr., thus varying 
the mean temperature difference without altering the other test con- 
ditions, and a series of tests was made on an Admiralty tube to deter- 


4 Fic. 5c APPARATUS AS ACTUALLY USED 


vine the variation of heat transfer with changes of mean semeneebene 
difference (tests 623 to 727 inclusive). 

24 Finally, a series of tests was made on all the various kinds of 
‘ubes with circulating water at a temperature of 85 deg. fahr. and 
velocity of 8.7 ft. per sec. and a vacuum of 27 in. of mercury (tests _ : 
“28 to 771 inclusive). 
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VARIATION OF HEAT TRANSFER WITH 


TEMPERATURE DIFFERENCE 


25 After the apparatus had been working some time and had 
been giving consistent results, a set of approximately 100 tests (623 


5 ft. per 
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Vg= 2.0 ft, SCE: 
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B.t.u. per sq. ft. per hr. per deg. m.t.d.=1 
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to 727) was run to determine the possible wilathen of the heat 
_ transmission with the mean temperature difference 


. The quanti 
__ ties of cooling water were so large that the temperature rise (¢;—/0) 
os was always small and it was considered that the arithmetical mean 
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used without appreciable error in the calculation of the heat transfer. 
These tests were run at four different velocities, approximately 2, 
4, 6, and 8 ft. per sec., the results were plotted on logarithmic paper 
and a smooth curve drawn through each set of plotted points. These 
curves were practically straight lines, as shown in Fig. 6, witha © 
slope of about 0.125. 


26 The relation may then be stated, U = e 
this, an expression may be obtained for the relation between the 
condensing surface or length of tube S and the temperature rise of 


the condensing water (t; — to) 


Working from 


S= C[(t, — to)* — (t, — 


and the true mean temperature difference is 


| (tr — to) 


an expression which, in all practical cases, differs very slightly in 
numerical value from the geometrical mean 


(t; — to) 


1 


27 The general expression connecting U and @ is then U = a 


where n may have any positive or negative value excluding0. The 
general expression connecting S and (t,—to), will be 


n 


and the true mean temperature difference is 


errs 


Yor the case where n = 0 or U = K, a constant, 
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In Table 1 these values for U, S, 9,, and N (the total quantity of 
heat transferred) are tabulated and the curves of temperature rise 
and values of @,, are plotted in Fig. 7 for certain steam and water 
temperatures. 


TABLE 1 VALUES OF U, S AND @ FOR VARIOUS ASSUMED VALUES OF NV 


= cooling surface in sq. ft. 
= U@ = total heat transfer per sq. ft. per hr. in B.t.u. 
= heat transfer per sq. ft. per hr. per deg. m.t.d. 
= m.t.d. = mean temperature difference 
= circulating water per hr. in lb. 


= a constant determined by experiment ; 

= temperature of steam 

= temperature of circulating water at inlet ‘ 

= temperature of circulating water at outlet pera 


= any temperature between ¢, and t, 


K Q 


Q 
U=K S= lo, ° 
U t,—¢ 


1 
Q 1 1 
Ke U = (t,—t,) (t, —¢,) 
K _ 2 4 (t, 
4 wN = U S K s 8s 44) 


5 N= Kol U= s 


n (t, — to) 


(t, — 
| (tg = 


28 Only two investigators, so far as I have been able to determine. 
have attempted experimentally to verify the law of the rise of temper 


- ture of condensing water in its passage through the condensing tu! 
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: Cy J. Alex. Smith! experimented with a tube 6 ft. long, and Professor 
‘Joss? used a surface condenser approximately 86 sq. m. of surface. 
Neither experimenter gives his actual numbers but shows his 
results in a curve. Smith gives a second curve showing the devia- 
tion of his experimental numbers from the geometrical series which 
best represents his results. These curves are shown in Fig. 8 and 
the variation from the geometrical curve may be clearly seen. It 
is unfortunate that further accurate experiments have not been 
made on this particular phase of the subject, but none of these results 
are inconsistent with the conclusions arrived at from the author’s 
experiments. In fact, the variations between the geometrical 
curve found by Josse and Smith and the writer’s experiments are 
smaller than the variations of the actual points and the theoretical 

points plotted in Fig, 

_ VARIATION OF HEAT TRANSFER WITH VELOCITY OF WATER 


29 A series of practically 100 tests was run to determine the 
- variation of heat transferred to the velocity of the circulating water 
(tests 529 to 622 inclusive). These tests were run at various ve- 
locities from 1 to 11 ft. per sec. and the results are plotted in Fig. 9. 
These tests were run at two different vacua, 15 in. and 27 in. 
approximately, and the figure shows how closely the heat transmis- 
sion varies with the square root of the water velocity. The third 
curve in Fig. 9 is a curve of total heat transmitted and apparently 
varies according to the same law. 
30 The earlier investigators found somewhat different results. 
_Josse and Foster have both taken advantage of the researches of 
Professor Ser of the School of Arts and Manufactures of Paris. 
Josse gives his results in a set of curves, while Foster gives a set of 
numbers. I have not been able to find the original figures. ‘The 
numbers given by Foster and scaled from Josse’s curves in metric 
measures are given in Table 2. From these numbers, Ser’s experi- 
ments may be best represented by U = 490)’ V,, or, if the trans! s- 


1London Engineering, Mar. 23, 1906. 
* Zeitschrift des Vereins deutscher Ingenieure, Feb. 27, 1909. 
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TABLE 2 SER’S NUMBER FOR U 


U cal. 


Foster Josse 


1400 


4 


40,000 


3 


30,000 


3 d 5 € 7 8 9 10 11 12 13 
Velocity of circulating water —ft. per sec. —Vy 


Fie. 9 Variation or Heat TRANSMISSION WITH WATER VELOCITY (OrRoK) 


0.10 1400 0.328 287 0.69 416 0.573 501 
(0.20 2300 2230 0.656 464 0.868 534 0.811 572 
a : 0.30 2550 2550 0.984 522 0.994 525 0.992 526 
2710 2710 1.31 555 1.093 507 1.143 485 
a 0.50 2860 2860 1.64 586 1.18 496 1.28 458 
‘i 0.60 3020 3010 1.967 617 1.252 493 1.402 440 
- Te 0.70 3180 3180 2.295 652 1.318 495 1.515 430 
| ee 0.80 3330 3330 2.622 682 1.378 495 1.62 421 
- 0.90 3480 3480 2.95 712 1.435 496 1.717 415 
—- 3640 3640 3.28 745 1.485 501 1.81 412 
J; = 1.10 | 3800 | 3800 3.61 778 1.532 507 1.9 409 
| % loo | | 
3 
| 
| 


sion corresponding to 0.328 ft. per sec. be neglected, U = 5081’ V,,, 
the variations from the square root curve being much greater. 


31 Josse has also published a curve giving the results of Joule’s 


experiments which follows very closely the expression U 


= 2391 V,- 


Joule’s actual numbers are available and have been recalculated. 
The low-vacuum tests, up to 2.5 in. of mercury absolute pressure. 
follow very nearly the above figure, but the mean of all tests within 
condenser conditions is more nearly stated by the expression 


U = 3151 


32 The work of these two experimenters is widely known and has 
had nearly universal acceptance until within a very few years, when 
a number of authorities have claimed that the fact might be better 


expressed by the formula U = CV V,- 


In support of this view, Hage- 


mann’s experiments were cited and Josse’s own experiments on 
small-size condensers appear to agree well with this expression. 
Stanton deduced from his experiments at Owens College that U was 
directly proportional to the velocity, but his numbers have never 


been published. 


33 The curves in Fig. 10 show the relation between heat transfer 
and circulating-water velocity for all of the experimenters whose 
work has been recalculated in connection with this paper. There 
may be some doubt as to the constant in any one case, but all the 
results from the curves are merely the true average of the experi- 


mental figures. 


= VARIATION OF HEAT TRANSFER WITH VELOCITY OF STEAM 


It is probable that the critical velocity was ex- 
ceeded in all cases. 


. 


34 That the velocity of the steam across the tube surface has an 
effect on the transmission has been asserted by a number of authori- 
ties. Hausbrand and Ser have considered that the heat transmission 
was proportional to the square root of the steam speed. Jordan 
maintains that the transmission is proportional to the mass flow of 
the steam. Most of the other investigators have neglected this. 
In the experiments, we have been unable to detect any effect on the 
heat transmission which might be charged to the velocity of the 
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35 Let us consider a condenser consisting of a single tube, through 
which the cooling water is flowing, surrounded by an atmosphere 
of steam. Condensation will take place at the outer surface of the 
tube and the steam will rush in to the tube from all sides. Mean- 
_ while, the space surrounding the tube will attain a constant pressure 


and Vw 

Average of experimental values 
U=520 
Jome 
| 3 Weighton 
| 4 Hepburn Y= 419 VVw 
| 5 Hagemann 282 
6 Stanton 340 
| 7 Joule 

8 Allen U=220 Vi 

9 Clement & Garland U= 270 >, 
10 Orrok_— U=308 


| 
2 3 4 5 

Velocity circulating water-ft. per sec. =), 


Fig. 10 VARIATION oF Heat TRANSMISSION wiTH WATER VELOCITY 
due to the regular influx of steam into the condenser and its conden- 
sation on the tube. This constant pressure will determine the tem- 
perature of the steam and if there is no air leakage the temperature 


ao ue to the saturated vapor of water at the constant pres- 


» | | 
| | 1 2 3 
| 
| | | | | 
| 
Zz 
4 
200 


sure. It has been determined experimentally that the temperature 
and pressure remain sensibly constant throughout the condenser, 
except for an exceedingly minute space in the neighborhood of the 
tube surface. 

36 There is then a constant flow normal to the surface of the tube 
besides such residual velocity as may be in the steam after its passage 7 7 


q 


| 


| 
| | 


6.25 0.5 0.75 1.0 1,25 1.5 
Ibs. per sa. in, 


Fig. 11 VARtaTION oF STEAM VELOCITY wiTH AIR 


through the exhaust pipe. This residual velocity in practice is 
usually from 200 to 600 ft. per sec. and in turbine installations may 
be as high as 800 ft. per sec. In direction, it follows the axis of 
the eduction nozzle until deflected by the tubes, sides of the con- 
deaser or baffle plates, and constantly loses velocity until, at the 
further end of the steam travel, this velocity is entirely lost. The 
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component of this residual velocity longitudinally to the tube is of 
‘no value in bringing a particle of steam to the condensing surface; 
neither is the component of this velocity normal to the tube surface, 
‘ for its action is balanced by carrying away the steam on the opposite 
side of the tube. Its only action then is to distribute the steam 
among the tubes. 
37 When a particle of steam comes in contact with the surface 
of the tube, it is immediately condensed and contracts enormously 
in volume. At atmospheric pressure the volume of water is approxi- 


1 
‘mately 1660 ofthe steam volume. At 28 in.of vacuum, or 1 lb. abs., 


1 
. the volume is about 21,500 and at 29.,5 in., or } lb. abs., 77,000 


cu. ft. of steam condenses to 1 cu. ft. of water. The vacuum thus 


created induces a flow of steam normal to the steam surface, the 
velocity of which, neglecting friction, can easily be calculated for vari- 


- ous conditions by means of the formula V = V Qgh. Transforming 
- this formula we get V = 96.25 Vv (P,—P,) o, where P, = vacuum 
- pressure (Ib. abs.), P, = partial pressure due to air in the conden- 


ser, and o = specific volume of steam at pressure (P,—P,). 

38 The velocity with which the steam particles strike the 
_ tube surface is apparently independent of the distance they travel 
before striking and is reasonably independent of the vacuum. The 
velocity varies from about 1750 ft. per sec. at 1 lb. abs. to about 
1900 ft. per sec. at 14.7 lb. abs. or atmosphere. These values of V 
are shown in Fig. 11 and the effect of a small quantity of air in the 
2 condenser on the velocity of flow of the steam is shown to be very 
small. 


THE EFFECT OF AIR UPON HEAT TRANSMISSION 7 


39 During the early portion of these tests it was impossi!le 
ss even to approximate air-free steam, so that consistent transfer res\\|'s 
could not be obtained. With the changing of the apparatus 
closed cycle, it was possible to keep the air down to a rai! 
small quantity and the results obtained were much more consist: 
It is probable in these cases that the partial air pressure ne’ 
exceeded § in. and in most cases was below this point. By ¢!- 


attention to all possible sources of air leaks in the final tests | 
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from, say, No. 400 on, it is probable that the partial air pressure 
never exceeded } in. and was sometimes much less than this. 

40 The best experiments on the effect of air that I have been 
able to find were described by James Alexander Smith in a paper read 
before the Victorian Institute of Engineers on December 6, 1905, which 
was reprinted in London Engineering, March 23, 1906. An abstract 
of this paper will be found in Appendix No. 2. His results show that 
a partial pressure of air amounting to ,') in. will reduce the heat 
transmission 25 per cent; } in. of air will reduce it 40 per cent; and 3 
in. partial air pressure will reduce the heat transfer about 50 per cent. 
It is much to be regretted that Mr. Smith did not give his numbers, 


but the curves are sufficiently clear for use or on, on 


te 


a The heat transferred from condensing steam surrounding 
a metallic tube to cold water flowing through the tube is 
proportional to the seven-eighths power of the mean 
temperature difference of the water and steam tempera- 
tures. This is equivalent to the statement that the co- 
efficient of heat transfer, U, is inversely proportional to 
the eighth root of the mean temperature difference. 

b The coefficient of heat transmission, U, is approximately 
proportional to the square root of the velocity of the 
cooling water. 

-c The coefficient U is independent of the vacuum and of the 
velocity of the steam among the tubes or in the condenser 
passages. It may be proportional to the square root of 
the velocity normal to the tubes, but in all common cases 
this velocity does not vary more than a tenth part. 

d The effect of air on the heat transferred is very marked 
indeed, particularly at high vacua, and most of this air 
is due to leakage through the walls and joints of the appar- 
atus. Working from Smith’s curves and certain picked 
tests, where the volume of air could be calculated, the 
effect of the presence of air in reducing the value of U 
is as follows: 


CONCLUSIONS 


> 


¢ 
43 


where P, is the partial pressure due to the steam and P, is 
the total steam and air pressure. 
_e Taking the heat transfer of the copper tube as 1.00, under 
a similar conditions the transfer for other materials is 
oe _ approximately as follows: copper, 1.00, Admiralty, 
0.98, aluminum lined, 0.97, Admiralty oxidized (black), 
wa < >< 92, aluminum bronze, 0.87, cupro-nickel, 0.80, tin, 
ae 0.79, Admiralty lead-lined, 0.79, zinc, 0.75, Monel metal, | 
baw s 74, Shelby steel, 0.63, old Admiralty (badly corroded), 
— 0. 55, Admiralty vulcanized inside, 0.47, glass, 0.25, Admi- 
ralty vulcanized both sides, 0.17. This coefficient (due to 
; the material of the tube) will be designated by u. Corro- 
sion, oxidation, vulcanizing, pitting, etc., have also a 
_ marked effect in reducing the transfer. This reduction, 
best shown by the Admiralty tube which gave uy = 0.55, 
may reduce the transfer at least 50 per cent. 
Te f The foregoing conclusions may be expressed mathemati- 


cally as follows: 
K Vs 
er C = the cleanliness coefficient varying from 1.00 to 


0.5 


= the material coefficient varying from 1.00 to 
0.17 


the steam richness ratio, varying 
to 0 


V, = the water velocity in ft. per sec. _ 7 
= the mean temperature difference 
K = a constant, probably about 630 : 
The effect of the length of tube, or rather length of 
water travel, has not been considered and the design of 
the condenser must be such that there is a free steam 
passage to every tube. 
_g This expression for U is cumbersome to use and for 
modern turbine condenser work certain conditions may 
_ taken as well settled. The guaranteed vacuum | 
usually 28 in. Theentrance circulating water is usua!y 
- 70 deg. and a 20-deg. temperature rise is considered eo- 
aa nomical. Under these conditions @ = 18.3 and # =1.44. 
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6 calculated on the geometrical curve is 18.2. For these 
cases it will be nearly as accurate and much simpler 
to calculate 6 by the logarithmic method, neglecting @ in 


630 
the denominator and using 435 or, 44 for Kt. The ex- - 


pression will then be U = K'CP®u ¥.. 


h The above equation agrees well with the resultsof a num-— 
ber of tests on full size condensers under varying conditions. 
There appears to have been no attempt to determine the 
amount of air handled by the air pump in these cases, but 
= the amounts of air indicated by the formula are such as 
agree with the pressures and temperature taken. The 
measurement of the dry pump discharge has been under- 
taken and the author hopes to have more information on 
this point in the future. 
42 In conclusion, the author wishes to acknowledge the efficient 


aid rendered him in conducting the experiments and calculating the 
results by his assists 
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APPENDIX No. 1 


LIST OF SYMBOLS USED AND TABLES RELATING TO TESTS | 
MADE BY THE AUTHOR 

Vw = water velocity, ft. per sec. “ad al 

steam velocity, ft. per sec. 

heat transmission coefficient, B.t.u. per sq. ft. per deg. difference 

per hr. 

temperature difference, deg. fahr. 

mean temperature difference, deg. fahr. 

temperature of inlet water 

temperature of overflow water 

any temperature 

temperature due to pressure of saturated steam 


constants 


total heat transmitted per sq. ft. per hr., B.t.u. 
head, ft. 
32.2 
specific volume of steam at pressure, (Pt — Pa) 
vacuum pressure, lb. abs. 
partial air pressure in condenser, lb. abs. 
partial steam pressure in condenser, lb. abs. 

= material coefficient 


\ 


steam richness ratio, ( p.) 


cooling surface, sq. ft. 
= circulating water per hr., lb. 
= steam condensed per hr., lb. 
_Q 
= absolute pressure in condenser, in. of mercury — 


(1164 
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me 
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TABLE 3 TESTS OF HEAT TRANSFER THROUGH CONDENSER TUBES* 
MADE WITH DRY VACUUM LINES ONLY SLIGHTLY OPEN 


GEORGE A. 


» 


ondensed Per 
Q 


Steam, Ww 


Condenser, In. of 


Tube, Ft. Per Sec. 
Mercury 


Hour, Lb. 
Ratio of Water to 


Hour, 
Absolute Pressure in 


Water Per 
L 
Velocity of Water in 


Steam ( 


| Test Number 


3 


R Vw Pp 


ORROK 


Temperature of Steam, 
Deg. Fahr. 


Water, Deg. Fahr. 


Temperature of Inlet 


to 


Temperature of Outlet 
Water, Deg. Fabhr. 


fi 


Rise of 


Water, Deg. Fahr. 


Temperature 


ti — to 


in. Outside Diameter, 18 B.W.G. 


8.43 
8.44 


8370 


110.5 
135.9 


178.7 
197.7 
117.3 
135.0 
161.9 


Deg. 


Difference, 
Fahr.—Arith. 

B.t.u. Per Sq. Ft. Per 
ference 


Hour per Deg. Mean 


Mean Temperature 
Temperature Dif- 


115.6 


* Tests 220 to 336 inclusive made without removing tube from apparatus. When removed tube 
vas found to be covered with an accumulation of the black paint which was used on gaskets and 
ints to stop air leakage. 


» 


. 
Admitralt 
230 «8510 «83.2160 71.22 774 
281 «8530 89.85 5.27 35.44 46.14 10.7 95.07 960 
282 8670S 134.2 64.5 9.82 35.36 51.04 15.68 117.7 1153 
283 «8660 52 15.09 36.5 55.5 19.0 132.8 1240 
284 «= «855021 40.5 8.44 32.0 215.5 37.3 61.2 23.9 166.3 1228 
8570157 54.7. 8.47 14.99 178.4 36.07 54.20 18.13 133.2 166 
286 «8550 «125.5 161.4 «87.73 52.58 «14.85 116.2 1091 
287 «8625s 83.5 «103.3 8.53) 64.95 «(132.1 38.30 48.15 9.85 88.9 955 
288 «8570 164 8.47) «112.0 36.70 42.98 72.2 758 
289 8570 47.7 8.47 -22.82 197.9 39.15 59.63 20.48 148.5 
8550178 48.1 8.44 22.92 198.2 37.75 58.05 20.3 150.3 1154 
201 «8625 «55.2 «156 8.53) 2.79) «116.2 35.8 42.38 8.58 77.09 
292 «86500 82.1 105) 8.55 4.89 «133.8 «35.48 45.13 93.44 803 
293 «8570 «124.2 698.47) 9.00 161.6 935.43 «(50.10 14.68 118.9 1057 
204 8625152 57 8.53) 0:14.90 178.8 36.40 53.73 17.43 133.8 
8525174 49 8.42 22.52 197.6 36.38 56.38 20.00 151.3 1126 
296 «8750 3.06 117.6 87.53 43.98 6.45 76.8 
297 8950 79.9 8.85 135.7 37.95 47.03 9.08 93.2 872 
298 8900 74 8.80 9.91 161.4 37.00 50.65 13.65 117.5 1033 
290 «8825 49.5 59) 8.72) 14.98 179.2 36.45 53.20 16.75 134.4 1100. 
300 8825 «174 50.7. 8.72 22.56 198.0 36.93 56.23 19.30 151.4 1125 
301 8875 120 73.8 8.77 9.86 161.3 36.65 50.33 13.68 117.8 1030 
302 8370 50.7 140s 8.27) 3.28 «118.8 «87.38 44.6 77.85 785 
303 «8570 86.7 99s «8.470 137.3 37.23 «47.5 10.27 94.93 
304 8525125 68.2 8.42 10.63 164.3 36.1 50.73 14.63 120.9 1030 4 
305 8525148 57.7 8.42 15.53 180.4 36.17 53.32 17.15 135.7 1077 
306 «8475167 50.6 8.37 23.13 198.8 36.92 56.27 19.35 152.2 1078 
307 8420 65.2 4.26 120.3 36.63 «44.53 «88.7751 
308 8440s 76.5 «110.3 8.350 5.69 «136.2 «39.03 48.25 4899.22 92.6 840 
309 8600 112.5 76.3) 8.50 10.15) 160.7! 39.08 52.35 13.27 115.0 991 
310 8550137 62.4 8.44 15.17 178.3 38.78 54.63 15.85 131.6 1030 
311 8650S 53.4 8.55 22.56 197.5 38.53 56.85 18.32 149.8 1068 d 
312 8600 51.0 8.50 29.90 212.1 38.83 57.83 19.0 163.8 998 
313 8925 54.5 164 8.82) 8.04 «(115.6 39.33 45.6 6.27 73.1785 
315 8600 76.0 «113.3 8.50 5.14 135.1 39.28 48.25 8.97 91.3 845 
316 8600109 78.7 8.50 10.02 39.0 51.83 12.83 115.9 952 
317 8690 «136 63.7 8.60 15.02 38.08 53.6 15.52 132.9 1015 
318 8600158 55.0 8.60 22.67 40.68 58.48 17.80 148.1 1043 
319 48.8 170 8.20 3.05 $9.42 45.45 6.03 668 
320 74.5 111.5 8.20 5.03 38.4 47.5 9.1 821 7 
321 | «79.08.27 10.05 30.9 52.73 12.83 
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TABLE 3 TESTS OF HEAT TRANSFER THROUGH CONDENSER TUBES—Con. 
MADE WITH DRY VACUUM LINES ONLY SLIGHTLY OPEN 


Dif- 


In. of 
Deg. Fahr. 
Deg. 


Q 


Hour per Deg. Mean 


Tube, Ft. Per Sec. 
Condenser, 
Mercury 
Deg. Fahr. 
Water, 
Water, Deg. Fabr. 
Water, Deg. Fahr. 
Difference, 
Fahr.—Arith. 

B.t.u. Per Sq. Ft. Per 


Steam, 
Absolute Pressure in 


Temperature of Outlet 
Temperature Rise of 


Temperature of Inlet 
Temperature 


Circulating Water Per 
Steam Condensed Per 
Velocity of Water in 
ference 


Ratio of Water to 
Mean Temperature 


Temperature of Steam, 


© 
= 


R w Pp ty to t 


= 


Admiralty Tube, 1 in. Outside Diameter, 18 B.W.G. 


65.7 8.44 15.12 40.3 55.35 
55.9 8.35 22.65 ; 55.65 
54.7 8.60 30.0 . 56.45 
50.8 8.64 57.83 


New Admiralty Tube Installed, Tube Being Cleaned Every 
8.59 133.8 40.58 
8.51 161.5 39.85 
8.59 178.7 37.73 
8.59 197.9 38.23 
8.36 J 115.3 39.45 
8.51 133.7 39.28 
8.36 160.1 37.98 
8.36 178.8 40.2 
8.44 197.6 44.98 
8.36 197.5 45.18 
8.44 178.5 42.85 
8.55 J 160.8 41.90 
8.55 133.7 41.55 
361} ‘ 8.55 116.3 42.5 
362 8810 : 8.70 ; 135.1 42.58 
* Test 336 made before cleaning tube. 
t Test 337 made after cleaning tube. 
¢ Tests 361 to 369 inclusive made with dry vacuum line wide open. 


1 
¥ 
pe 
> 
4 
| 
a 
322 8550 130 131.7 977 
323. 8440 151 150.6 982 
324 8690 17.72 164.5 937 
| 325 8750-172 19.0 170.5 975 
326 8750 179 19.65 181.4 948 
> 327 8650 191 45.2 8.55 60.9 250.2 37.98 58.88 20.9 202.1 805 
y 328 8600 159 54.1 8.50 20.5 211.2 38.45 56.35 17.9 164.8 935 
‘ 329 8650 166 51.9 8.55 35.5 220.9 39.02 57.6 18.58 172.6 932 
4 330 8600 172 49.9 8.50 42.7 230.5 38.88 58.08 19.20 182.0 907 
‘ 77 331 8550 187 45.6 8.44 61.4 2504 40.2 60.88 20.68 199.9 885 
— 332 56.5 9.02 30.0 212.7 37.95 55.1 17.15 166.2 942 
; 833 9025174 51.7 8.92 35.6 221.6 38.0 56.65 18.65 174.0 967 
334 49.0 8.80 42.7 230.3 37.92 57.5 19.58 182.6 955 
885 8850197 44.9 8.75 61.5 | 251.5 38.55 59.6 21.05 202.4 920 
7 7 336* 8300 104 80.0 8.20 9.9 161.8 37.5 50.13 12.63 118.0 888 
_ 3371 8700 118 73.5 8.60 9.9 161.5 38.18 51.95 13.77 116.4 1028 
4 338 8900 67.3 132 8.80 4.06 126.0 40.6 48.33 7.73 81.5 845 + 
a. 339 8840 78.7| 111 8.74 5.02 133.8 40.1 49.3 9.20 89.1 913 
7 340 8770 116 75.5 8.66 9.9 161.6 38.33 51.73 13.4 116.6 1010 
8770138 63.7 8.66 14.6 179.1 38.7 54.23 15.53 132.6 1027. 
> 342 8620 149 57.8 8.51 22.5 197.8 39.8 56.7 16.9 149.6 975 
343 64.8 8.55 22.5 197.6 39.4 54.48 15.08 150.7 867 
344 8770 115 76.4 8.66 14.9 178.8 39.03 52.0 12.97 133.3 853 
345 8650 94.0 92.0 8.55 9.9 160.9 38.85 49.83 10.98 116.6 823 
346 7.72 92.9 718 
347 8.00 69.7 1020 
8 or 10 Tests 
10.67 | 87.9 1055 
} 14.35 114.5 1080 
18.2 131.9 1200. 
21.97 | 148.7. 1285 
8.20 71.7 970 
10.65 89.1 1032 
14.35 114.9 
17.7 | 120.7 1155 
21.5 | 141.8 1295 
20.62 142.0 1230 
14.35 | 11.7 
10.30) 87.0 1025 
oe 69.7 1010 
1... 10.47 87.3 1055 
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TABLE 3 TESTS OF HEAT TRANSFER THROUGH CONDENSER TUBES—Con. 
MADE WITH DRY VACUUM LINES ONLY SLIGHTLY OPEN 


Mean 


Dif- 


Number 


Test 


Steam, 


Circulating Water Per 
Steam Condensed Per 
Ratio of Water to 
Q 


R 


Per Sec. 


Velocity of Water in 
Tube, Ft. 


Vw 


Pressure in 
In. of 


Condenser, 
Mercury 


Absolute 


P 


Temperature of Steam, 
Deg. Fahr. 


Temperature of Inlet 
Water, Deg. Fabhr. 


bo 


Temperature of Outlet 
Water, Deg. Fahr. 


t 


Temperature Rise of 
Water, Deg. Fahr. 


ti —t 


Deg. 


Fahr.—Arith. 


Mean Temperature 
Difference, 


Om 


New Admiralty Tube Installed, Tube Being Cleaned Every 8 or 10 Tests 


129 67 


91.3 91.8 


8.55 


8.29 


Admiralty Tube 


111 
126 
51.6 
74.2 
106 
125 
161 
122 


77.5 
67.3 
160 


8.51 
8.40 
8.17 
8.36 
8.47 
8.44 
8.44 


, 1 in. Outside Diameter, 


Copper Tube, 1 1 


163 
124 
126 
96.2 
157 
108 
75.0 
67.0 
58.8 


a 


8.65 
8.77 
8.80 
8.70 
8.92 
8.73 
8.80 
8.83 
8.80 


n. 


10.09 
15.19 
22.79 
22.77 
15.07 
10.09 
5.09 
3.11 
2.28 
3.15 
5.22 
10.2 


15.22 
23.0 
2.63 
5.00 
9.78 
14.78 
22.33 
9.58 
2.80 
3.85 
2.80 
3.82 
2.80 
3.82 
4.77 
2.07 
2.93 
4.90 
4.93 
9.91 
14.96 


2.98 
4.95 
4.95 
9.9 
3.26 
5.23 
10.23 
15.26 
22.97 


161.7 
179.6 
198.2 
198.1 
178.9 
161.9 
134.6 
117.0 
105.4 
116.3 
136.1 
162.2 


179.5 
198.5 
110.7 
132.8 
160.1 
178.4 
196.9 
159.6 
114.1 
125.4 
113.8 
124.8 
113.6 
124.7 
133.5 
103.9 
115.0 
133.0 
133.1 
161.0 
179.0 


115.6 
133.6 
133.3 
161.0 
118.1 
135.5 
162.1 
179.8 
198.3 


41.58 


46.98 
46.95 
42.73 
45.25 
48.6 
46.32 
48.85 
45.8 
49.1 


56.5 
57.03 
62.9 


66.63 | 


60.7 
60.78 
56.33 
52.73 
51.8 
49.03 
53.45 
56.8 


18 B.W. 


Outside Diameter, 16 B.W.G. 


14.92 
18.45 
22.1 

24.63 
19.02 


112.7 


Per Sq. Ft. Per 
Hour per Deg. 
Temperature 
ference 


B.t.u. 


| 
363 mm 1145 
364 8650 162 53.6 8.55 131.8 1210 
44.3 8.51 146.4 1297 
366 ©8810 222 39.7 8.70 143.8 1505 
52 8.66 127.7 1307 7 
8688770135 65.1 8.66 15.4 3 108.8 1237 
369 8810 94.2 93.6 8.70 45.48 | 
8770 69.0 127 8.66 ‘4 5, 68.3 1032 
871-8500 44.7 190 8.40 5 «56.3 822 
372 8440 57.3 147 8.32 70.8 832 
373 «8540 69.3 123 8.44 5 «86.8 812 
374 8390 | 110.9 825 
= 
8620 3 «557.28 «12.75 128.6 847 
«3768500 5 660.6 «14.55 145.2 
379 8470 8 «467.48 8.90 79.8 942 
380 8570 0 56.28 12.48 110.1 
381 8540 68 0 59.15 14.55 126.5 982 
382 8540 53 2 62.13 18.50 144.0 1098 
383-8620 70.4 8.51 5 68.60 14.35 108.2 -1142_ 
384 9150 145 9.03 54.90 7.1 62.7 1035 
385 9040 75.2 120 8.92 56.98 8.48 72.7 1055. 
386 9120 62.8 145 9.00 5 84.63 7.08 62.7 1030 
387 8840 75.5 117 8.74 3 85.13 8.7 74.0 1040 
388 8960 63.0 142 8.85 52.7 7.2 64.5 1000 
ad 389 8730 74.0 118 8.62 5 55.33 8.68 73.7 1030 
390 8925 85.8 104 8.81 56.28 9.78 82.1 1063 
391 8925 49.5 180 8.81 58.03 5.73 48.7 1052 
392 9000 8.89 8 55.25 7.37 63.4 1045 
; 393 9040 81.4 111 8.92 8 54.3 9.12 83.3 990 
394 8840 81.8 107 8.74 8 62.45 9.47 75.4 1110 
395 9000 123 8 101.7 1220 
396 8 119.2 1248 
397 8730 6.30 65.5 840 
398 8840 8.23 82.5 872 
399 8890 33 86.5 832 
400 8770 10.5 111.5 827 
401 9000 «6.53 «66.2 | «888 
402-8810 5 9.48 84.0 990 
403. 2 13.35 106.6 1110 
404 8970 «14.73 126.6 1060 
405 8925 152 75 «16.65 140.9 1053 
=5 


TABLE 3 TESTS OF HEAT TRANSFER THROUGH CONDENSER TUBES—Con. 
MADE WITH DRY VACUUM LINES ONLY SLIGHTLY OPEN 


Test Number 


Circulating Water Per 
Hour, Lb. 


9000 
8810 
877 

8770 
8810 


8890 
8700 
8650 
8730 


8650_| 


8840 
9120 
9120 
8890 
9080 
8970 
8840 
8840 
9000 
8810 


8840 
8925 
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| Sgi*s | dg gle, Ags 
W R Vw Pp bs to U 
Copper Tube, 1 in. Outside Diameter, 16 B.W.G. 7 
134 67.3 8.92 15.2 179.5 46.45, 61.15 14.7 125.7 1057 
114 77.3 8.70 10.15 162.0 44.75 57.7 12.95 110.8 1030 
83.5 107 8.81 5.2 135.0 45.55 | 55.08 9.53 84.7 1005 
63.4 139 8.70 3.2 117.5 49.18 ' 56.53 7.35 64.6 1003 
Aluminum Bronze Tube, 1 in. Outside Diameter. 18 B.W.G. 
66.5 130 8.55 3.29 118.1 44.68 52.58 7.90 69.5 984 
83.5 108 8.92 5.17 135.1 49.38 58.8 9.42 81.0 1047 
108 83.2 8.85 10.22 162.0 48.50 60.53 12.03 107.5 1002 
119 75.0 8.81 15.19 179.2 44.1 57.3 13.2 128.5 918 
138 64.7 8.81 22.85 198.0 44.58 59.83 15.25 145.8 93°? 
142 63.5 8.89 22.87 198.1 43.48 58.80 15.42 147.0 945 
115 76.6 8.70 15.17 179.3 45.68 58.60 12.92 127.2 895 
108 81.5 8.66 10.14 161.7 47.28 59.68 12.4 108.2 1005 4 
76.2 115 8.66 5.09 135.4 47.63 56.43 8.80 83.4 925 
63.8 138 8.70 3.14 116.6 40.2 47.63 7:43 900 
Copper Tube, | in. Outside Diameter, 16 B.W.G. - 
61.2 145 8.80 3.13 116.5 42.35 49.45 7.2 70.6 | 893 
78.4 11 8.60 5.08 134.1 42.35 51.55 9.20 87.1 918 
108 79.8 8.98 10.18 162.0 41.78 54.30 12.52 114.0 950 
127 68.5 9.05 15.07 178.9 41.90 56.33 14.43 129.7 973 © 
146 59.0) 8.98 | 22.82 197.9 42.63 59.23 16.60 147.0 977 
Cupro-Nickel, i in. Outside Diameter, 18 B.W.G. 7 
57.3 154 8.74 3.09 116.0 42.48 49.15 6.67 69.2 853 
74 123 9.00 4.87 132.9 42.45 50.73 8.28 80.3 875 
101 — 90.6 9.00 9.81 160.6 42.00 53.15 11.15 113.0 898 
120 74 8.77 14.87 178.7 41.13 54.48 13.35 130.9 907 
145 62.6 8.96 22.56 197.4 40.63 56.28 15.65 148.9 953 — 
57.5 156 8.85 3.04 115.8 40.38 46.95 6.58 72.1 820 
72.4 122 8.74 4.94 133.6 41.35° 49.7 8.35 88.1 838 
98.7 89.7 8.74 10.03 161.1 41.68 52.93 11.25 113.8 875 
117 76.8 8.89 14.98 178.9 48.6 61.48 12.88 123.9 935 
139 63.3 8.70 22.89 198.0 46.35 61.83 15.48 143.9 948 
Aluminum-Lined Copper Tube, 1 in. Outside Diameter, 0.06 in. Thick 7 
61.7 143 9.18 3.07 115.1 438.08 50.23 7.15 68.9 918 
9.25 5.07 1383.9 42.2 51.63 9.43 87.0 967 
9.34 10.13 161.7 42.18 55.18! 13.0 113.0 1033 
9.41 15.1 178.8 42.98 57.93 14.95 128.3 1058 
9.36 22.95 198.1 42.58 60.1 17.52 146.8 1078 
9.30 22.95 198.1 41.5 59.82 18.32 147.4 1110. 
9.36 15.05 178.1 40.88 56.65 15.77 129.3 , 1098 
9.30 10.02 162.4 41.98 655.38, 13.4 113.7 1055 
9.36 4.96 133.3 42.30 51.63 9.33 86.3 975 


42.05 


ait 
| 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
421 
422 
423 
424 
426 
427 
+ 428 
429 
431 
432 
433 
435 
437 
ip 439 90: 
440 
> 
441-89 
q 
443-89 
444 


a 


7? 
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TABLE3 TESTS OF HEAT TRANSFER THROUGH CONDENSER TUBES—Con. 
MADE WITH DRY VACUUM LINES ONLY SLIGHTLY OPEN 


to 

of Water in 
Fahr. 
ure 


Water Per 
Tube, Ft. Per Sec. 


Hour, Lb. 


Q 
Ww 


Hour per Deg. Mean 
Temperature Dif- 


Water, Deg. Fahr. 
ference 


Condenser, In. of 
Mercury 

Deg. Fahr. 

Water, Deg. Fahr. 


Fahr.—Arith 
B.t.u. Per Sq. Ft. Per 


Hour, Lb. 
Water, Deg. 
Difference 


Steam, 


Steam Condensed Per 
Ratio of Water 
Absolute Pressure in 
Temperatureof Steam, 
Temperature of Inlet 
Temperature of Outlet 
Temperature Rise of 
Mean Temper 


Circulatin 
Velocity 


= 


R w to ti — bo 


Monel Tube, 1 in. Outside Diameter, 18 B.W.G. 


57.1 156 | 8.81 3.51 119.6 40.58 47.13 6.55 
129 | 8.70 5.01 133.3 40.80 48.68 7.88 
98.5, 8.85 10.08 161.5 40.80 51.03 10.23 
82.5 8.74 14.96 178.5 40.50 52.5 12.0 
70.0' 8.85 22.98 198.1 40.15 54.13 13.98 
70.0| 8.70 23.01 198.1 40.0 54.0 14.0 
83.8 8.89 15.01 178.1 40.8 526 11.8 
100 8.77 9.95 41.13 51.2 10.07 
134 8.77 5.00 133.1 41.55 49.13 7.58 
163 8.92 3.42 118.8 40.95 47.25| 6.30 


Admiralty Tube, Oxidized, 1 in. Outside Diameter, 18 B.W.G. 
68.7 8.74 15.04 178.9 44.98 14.4 
58.5 8.74 22.94 198.2 45.25 d 16.73 
59.0 8.70 198.5 43.98 16.57 
71.5 8.96 178.8 43.8 é 13.83 
88.0 8.92 161.4 46.33 J 11.48 
12.0 8.85 134.2 48.38 8.50 

8.77 123.2 47.13 

8.92 136.0 47.03 

81.3 8.70 162.6 45.55 
Zine Tube, 1 tn. Outside Diameter, 18 B.W.G. 


170 3.52 120.4 

137 137.1 

106 162.6 

88 179.8 

74 199.5 

193 118.8 

141 136.5 

|, 110 162.4 

96.0 94.3 179.5 

115 78.3 198.5 
Aluminum-Bronze Tube, 1 in 


8.81 3.53 42.85 
42.4 
45.72 
52.28 
47.98 
45.10 
43.85 
44.55 
48.02 


“a 
446 7 773 
447881 6 783 
43 6 794 
449 884 0 805 
450 897 0 830 
451 881 817 
452 90 4 807 i 
453 3 792 
454 8 768 
455 904 7 762 
459 884 7 
460 884 6 1023 
461-88! 2 998 
462 908 980 
463 90: 3 958 
464 897 6 934 
465 88% 9 885 
466 90: 5 948 
467 88! 9 977 
469 5 738 
470 89 1 | 51.5 7.40 89.3 740 
471-897 12) 54.58 9.45 112.8 751 
47288 1.15 | 55.4 11.25 130.0 765 -¢ 
47389) 1.55 56.78 13.23 149.3 793 
47489 .5 54.8 | 5.30 66.7 712 
47589 50.82 7.20 89.3 720 
476 55.45 9.12 111.5 740 
477 90: .00| 59.5 10.5 125.2 757 
478 90. 61.6 12.5 143.1 787 
ameter, 18 B.W.G. 
479 8925 |G 02 7.17 74.3 852 
480 8925 7 02 8.62 89.9 857 
481 8730 11.08 111.2 870 
42-8800 73 12.45 1214 910 
483 9000-133 6 5 | 14.52 142.9 915 
484-8840 65.0 13 82 7.52 77.6 857 
485 9040 73.5 12 1.13 «8.28 860 
486 8730 «95.0, 110.7 868 
487 8970 17 | 76.2 00 12.98 124.6 938 
485 8890133 67.1 8 14.8 141.8 927 
_ 49 9000s 9 10.65 105.0 912 
e 
> 


1170 TRANSMISSION OF HEAT IN SURFACE ea \, 


TABLE 3 TESTS OF HEAT TRANSFER THROUGH CONDENSER TUBES—Con. 
MADE WITH DRY VACUUM LINES ONLY SLIGHTLY OPEN 


in 


Condenser, In. of 
Water, Deg. Fahr. 
Water, Deg. Fahr. 
Water, Deg. Fahr. 
Temperature 

Deg. 


Tube, Ft. Per Sec. 
Mercury 


Deg. Fahr. 
Fahr.—Arith. 


Difference, 


Steam Condensed Per | 
Hour, Lb. | 


Temperature of Steam, 
Temperature of Inlet 
Temperature of Outlet 
Temperature Rise of 


Circulating Water Per 
Absolute Pressure in 


Test Number 
Ratio of Water to 
Velocity of Water 
Mean 


| 
| 


Ww R ts to ty Om 


Admiralty Tube, Lead Lined, 1 in. Outside Diameter, 0.088 tn. Thick 

10.54 4.02 56.25 6.27 72.5 

10.50 57.85 7.17 60:3 

10.36 A 61.4 10.05 104.7 

10.45 J 62.4 12.17 122.7 

10.41 64.08 14.35 141.1 

10.46 A 62.08 14.38 143.2 

10.23 58.25 12.62 127.0 

92.8 93.0 10.18 161.0 55.55 10.87 110.9 

69.0 125 10.18 139.1 52.98 8.08 90.1 


3.49 120.0 45.88 52.15 6.27 71.0 

5.01 132.9 45.38 52.8 7.42 83.8 

10.03 161.1 46.35 55.83 9.47 110.0 

15.0 179.0 45.93 56.9 10.97 127.6 

22.80 198.1 49.88 62.03 12.15 142.1 

22.77 198.1 55.28 67.05 11.77 136.9 

14.89 178.4 51.95 62.28 10.33 121.3 

Shelby Steel Tube with Coating of Rust 
199 8.81 8.53 121.1 52.65 57.8 5.15 65.9 
159 8.74 5.23 135.3 49.3 55.68 6.38 82.8 
71.0 123 8.62 10.26 162.5 44.63 52.78 8.15 112.8 
Tin Tube, 1 in. Outside Diamecer, 0.055 in. Thick 


9.12 3.59 120.8 57.25 62.73 ‘ 60.8 

8.92 5.09 133.8 44.9 52.4 85.1 

9.15 10.17 161.4 44.4 54.2 : 112.1 

9.04 15.14 179.0 52.33 63.18 ; 121.2 

8.84 23.17. 198.6 651.7 64.53 A 140.5 

8.92 22.94, 198.4 &1.23 63.88 : 140.8 

9.24 15.12 178.8 652.7 63.35 120.8 

9.12 10.10 161.0 52.88 62.18 ‘ 103.4 

8.98 5.10 133.5 50.95 58.05 79.0 

9.15 4.10, 125.6 51.93 58.10 70.6 

Admiralty Tube Taken from Large Condenser, 1 in. Outside Diameter, 18 B.W.G 

48.2 181 | 8.62 4.49 129.0 45.0 50.63 : 81.2 
9.87 159.8 63.2 61.28 102.6 

14.87 177.9 52.58 62.25 121.4 

22.87 197.9 50.23 61.88 141.8 

22.77; 197.1 46.48 58.35 144.6 

3.51 121.1 52.68 57.73 5. 65.9 

5.23 135.4 653.23 59.45 : 79.1 

10.28 162.3 54.2 62.5 103.9 

15.20 179.3 55.03 64.75 A 119.4 


= 
: 
491 9 
8 
493 8 
494 8 
495 8 
496 8 
497 8 
498 8 = 
852 
| 7 773 
500 8970 
502 8840 
503 8970 
‘504 80701 
(505 8970S 1 
770 
| 770 
8025 
695 
682 
630 
6 
510 
q 97 
| 764 
7 : 778 
785 
783 
178 
| 790 
793 
781 
| 75 
“a 
: 
586 
710 
10 
Al sar 


TABLE 4 TESTS OF HEAT TRANSFER THROUGH CONDENSER TUBES 
MADE TO DETERMINE EFFECT OF CIRCULATING WATER VELOCITY ON HEAT TRANSFER 


Circulating Water | 
Per Hour, Lb 


Q 


Per Hour, Lb. 


Steam Condensed 


Ww 


Steam, 


Ratio of Water to 


Velocity of Water 
in Tube, Ft. Per 


Vw 


in Condenser, 
In. of Mercury 


Absolute Pressure 


Deg. 


Temperature of 
Steam, 
Fahr. 


Temperature of 


Water, 
Deg. Fahr. 


Inlet 


to 


of 


Water, 


Outlet 
Deg. Fahr. 


Temperature 


Fahr. 
Mean Tempera- 


Temperature Rise 


ture Difference, 
Deg. Fabr.— 


Arith. 
B.t.u. Per Sq. Ft. 


Per Hour Per 


6m 


Old Admiralty Tube Taken from Large Condenser, | in. Outside Diameter, 18 B.W.G. 


11252 
10530 


209 
204 


11.3 

10.4 
9.24 
8.15 
6.42 


11.4 


11.2 
9.88 
9.47 
9.13 
7.62 
6.46 
5.44 
4.02 
2.66 
1.20 
11.4 
10.1 
7.63 
9.17 
6.76 
5.07 
3.94 
2.65 
1.24 
11.26 
9.70 
9.12 
7.32 
6.27 
4.28 
4.43 
11.40 


5.25 
5.28 
5.23 
5.23 
5.20 


5.07 


Admiralty Tube, 1 in. Outsi 


4.06 
4.11 
4.08 
4.06 
4.11 
4.11 
4.11 
4.13 
4.13 
4.13 
3.95 
4.10 
4.08 
4.03 
4.00 
4.08 
4.13 
4.15 
4.15 
4.12 
4.02 
4.02 
4.12 
4.11 
4.16 
4.11 
4.28 


134.4 
135.5 
134.3 
134.1 
133.8 
134.1 
133.8 
133.9 


134.1 


126.3 
126.3 
126.1 
126.3 
126.6 
126.4 
127.0 
127.1 
126.6 
127.0 
124.9 
126.1 
126.3 
125.4 
125.1 
126.4 
126.7 
126.8 
127.0 
126.5 
125.4 
125.0 


50.6 
49.75 
49.6 
50.05 
50.3 
52.3 
48.05 
50.23 


50.0 


de Diameter, 


50.9 

51.38 
50.7 

50.5 

53.55 
50.58 
51.43 
51.90 
54.73 
53.88 
50.98 
52.05 
53.03 
56.5 

49.08 
47.53 
53.9 

54.3 

53.98 
49.58 
50.25 
50.38 


57.25 


6.35 


1171 
| 
a a || | U 
5 668 ji = 
530 51.6 54.75 5.00 83.2 634 * 
531 | 9340 «49.119 54.98 5.38 81.8 615 
532 47.317 55.93 5.88 
533 6400 «42.5152 57.03 6.73 80.1 
534, 6030 42.7. ‘141 5.97 5.25 59.55 7.25 78.2 558 
535 «4440S 37.0 120 449 5.23 | 56.58 8.53 81.0 473 
536 3640S 33.0110 3.60 5.25 59.53 9.3 79.0 428 
537 | 1670 21.4 78 1.65 5.23 | 134.0 50.25 63.33 13.08 77.2 283 ri 
5380 78.1 1.43 5.12 | 134.8 52.5 66.45 13.95 75.3 
539 «2425 27.1 89.7 2.41 5.02 | 134.3 51.88 63.25 11.38 76.7 360 
540 2737 «28.2 :97.0 2.72 5.12 | 134.4 54.43 64.95 10.52 74.7 388 
3640 33.1110 3.60 5.10 | 134.8 55.43 64.7 9.28 74.7 452 
542-5085) 39.1130 5.03 5.04 | 134.3 54.48 62.35! 7.87 75.9 
306255 45.0139 6.19 5.14 | 134.6 51.35 58.7 7.35 79.6 578 
54478550 «47.8 164 7.77 5.10 | 134.3 54.1 60.33 6.23 77.1 635 
545 8425S «168 8.33 5.10 | 134.8 50.7 56.78 6.08 81.1 633000 
546 100005: 54.98 5.50 82.1 670 Ps pry 
548 «11325 69.8 72.2 1000 
549-9980 67.4148 71.5 967 
550 «9560 «66.3144 57.8 7.10 71.8 945 
551 9225s «65.8 57.83 7.33 72.1 938 
552 61.3 | 7.75| 69.2 864 
5536525 54.8119 59.2 8.62 71.5 78 
554 110 60.73 9.30 70.9 72200 
555-4060 42.2 «96.4 62.55 10.65 69.9 618 
556-2603 «31.7 66.78 12.05 65.8 492 
557 [60.5 68.63 14.75 65.7 273 
558 «11515 «67.3 «156 57.58 6.60 706 1076 
559 10160 69.0 147 59.05 70.5 1008 
700 62.1 «124 61.28 8.25, 69.1 920 
260 «64.7 143 63.68 7.18 65.8 1005 
830 59.8 114 58.1 9.02) 71.5 862 
120 52.4 97.8 58.03 10.50 | 73.6 732 
980 42.0 94.7 64.73 | 10.83 | 67.4 640 
675 81.8 66.85 12.55 | 66.2 507 
250 «18.1 69.1 68.83 | 14.85 | 65.6 283 
380 «74.2 56.30 | (6.72) 73.6 1060 
795 | 69.0 142 57.48 | (7.23| 71.5 950 
225 | 65.3 141 57.68 | §7.30| 71.0 947 
400 61.7 120 12 58.95 | 8.52 70.3 895 
340 «59.2107 59.38 | (9.55 | 71.9 é 
4332 52.5 82.4 126.9 49.80 62.25 | 12.45 70.9 7600 
4475 | 52.5 85.2 126.0 49.8 61.83) 12.03} 70.2 
11520 | 78.3 147 127.5 52.78 59.78 | 7.00| 71.2 1132 
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TABLE 4 TESTS OF HEAT TRANSFER THROUGH CONDENSER TUBES—Con. 
MADE TO DETERMINE EFFECT OF CIRCULATING WATER VELOCITY ON HEAT TRANSFER 


i 


Ba $2 8H | Fae §oQ Fs 

Q Ww R Vw p ts to | Om 

Admiralty Tube, 1 In. Outside Diameter, 18 B.W.G. 

575 | 9750 | 72.7 134 9.65 4.18 | 126.4 53.63, 61.28 7.65 68.8 


50.35 58.33 7.98 71.3 
51.7 59.63 7.93 70.7 
52.25 60.95 8.70 69. 


7.58 71 
50.5 58.68 8.18 70 
47.13 55.4 8.27. 73 
48.1 57.5 9.40 73 
50.63 , 61.8 11.17) 69 


o 
~ w 
bo 
o 
bo 

— 
OX) 

Saiz’ 


a" 


uo 
= 
a 
o 
t 

> 
= 


51.82 | 64.65 12.83 68.3 

50.6 | 65.7 15.1 | 68.8 

47.08 | 59.45 12.37 133.7 i010 
46.68 | 59.98 13.3 133.5 968 
46.272 | 61.18 14.46 132.9 926 
46.8 | 61.83 15.03 133.8 876 
46.95 64.63 17.68 131.0 74 
47.38 | 68.58 | 21.2 128.7 623 
47.98 | 73.55 25.57 126.2 401 
48.0 | 73.38, 25.38 126.1 459 
49.10! 77.53 | 28.43 123.7 198 
47.68 | 59.32) 11.66 132.9 985 
48.18 | 60.68) 12.5 132.5 929 
48.50 | 61.95 13.45 131.4 881 
48.25 | 62.62 14.38 130.6 854 
49.55 | 65.10 15.55 128.9 787 
48.10| 65.68 17.58 129.7 665 
48.05 | 68.7 20.65 128.2 542 


48.70 


| 

~ 
~ 
Bs 578 7055 «59.9 118 6.98 4.13 126.0 883 
2 579 4060 43.3) 93.6 4.010 4.13 126.1 647 
- «55.2107 5.82 4.08 125.5 792 
| 581 2690S 32.9 81.7 2.67 4.23 126.6 49.68 962.25 12.57 
= 582 872 12.9 67.7 0.86 4.26 127.4 51.85 67.03 15.18 195 
583 11270 79.4142 11.3 4.10 | 125.5 47.25 54.48 7.23 1090 
58411340 78.0146 11.4 4.00 125.9 1110 
— 9905 73.1 135 9.8 4.03 126.0 1056 
586 8425 67.1125 8.33 4.00 125.3 973 
8390 «67.6124 8.30 3.97 124.8 43 
a 588 6680 61.1 109 6.61 4.05 126.5 852 
589 4060 44.1 92 4.01 4.07 126.0 648 
590-5195 49.1106 5.14 3.93 124.5 741 
592 2463s 30.7 80.32.44 4.20 128.1 470 
= 22.9 | 76.2 | 1.65 «4.12 | 126.5 350 
| 10840781 | 187 11.4 4.09 126.6 980 
ee 596 9985 68.0 | 147 9.88 4.09 126.8 922 a 
507 8460 61.8 | 137 8.37 3.97 | 125.1 
598 7665 59.2 129 7.59 4.12 127.1 818 
599 6520. 123 6.46 3.99 | 125.5 767 

45.7 | 107 4.84 4.07 | 126.4 652 
601 8035 | 90.0 3.00 4.09 | 126.5 498 
602 8375 85.2 | 96.0 3.34 3.90 | 125.1 531 
my a 603 1972 24.5 | 80.5 1.95 4.07 | 126.6 
604 99 | 68.0 0.94 4.15 | 127.0 
4 a, 605 11075 139 | 79.5 10.95 18.0 187. 

x. 607 8615127 | 68.0 8.52 17.95 | 186.8 

> 608 7895 121 | 65.4 | 7.82 18.05 187.1 

| 5960 107 | 55.6 5.89 17.97 186.8 
8880 82.6 | 46.4 3.79 17.92 186.7 

201052. | 88.4 18.05 187.0 
612-2318 59.8 | 38.7 2.29 18.0 186.8 
613 873 25.3 | 34.5 0.86 17.95 | 

614 11380 135 84.3 11.28 17.82 186.4 

— 616 8730-120 73.0 8.64 17.99 186.6 
= 617 7855 «115 68.4 7.77 17.82 

618 6605 105 63.2 6.53 17.89 186.3 
4070 «88.8 | 56.0 | 4.03 | 17.07 | 186.6 
620 3412 «71.6 | 47.6 3.38 18.01 186.6 
1479 39.6 | 37.4 1.46 18.19 187.8 | 75.03 26.33 125.4 306 

58.4 | 42.2 2.44 | 17.99 186.6 | 48.18] 71.43) 23.25 126.8 446 


TABLE 5 TESTS OF HEAT TRANSFER THROUGH CONDENSER TUBES 


MADE TO DETERMINE EFFECT OF VARIATIONS OF MEAN TEMPERATURE DIFFERENCE ON HBAT TRANSFER 


In. of 
of Inlet 
Fahr. 

Dif- 


Ratio of Water to 
Q 
Ww 
Ft. Per Sec. 
Pressure in 
iet Water, Deg. Fahr. 
Water, Deg. Fahr. 
Hour Per Deg. Mean 


Steam 
Fahr.—Arith. 


Condenser, 
Mercury 
Deg. Fahr. 

Water, Deg. 
Difference, Deg. 
B.t.u. Per Sq. Ft. Per 

Temperature 


Steam Condensed Per 
Tube, 


Test Number 
Circulating Water Per 
Velocity of Water in 
Absolute 
Temperature of Steam, 
Temperature 
Temperature of Out- 
Temperature Rise of 
Mean {Temperature 


3 


Admiralty Tube, 1 in. Outside Diameter, 18 B.W.G. 


111.6 
111.5 
111.3 
111.0 
111.9 
112.1 
114.6 
114.1 
114.3 
115.1 
114.4 
116.0 
114.5 
113.9 
113.9 
114.4 
113.5 
115.4 
116.0 
114.5 
114.6 
115.1 
117.4 
115.5 
115.0 
115.0 
113.8 
114.5 
114.8 
115.1 
116.0 
115.3 
115.3 
115.1 
115.3 
115.4 
115.0 
114.8 
115.0 
114.5 


111.82 
= 


623 9000 59.2 1638.91 46.98 53.35 6.37 | 60.9 940 
624904054. 165 8.94 2.70 47.53 53.8 6.27 | 60.8 930 
625 8840 44.3 199 8.75 2.70 61.05 66.25 5.20 | 47.6 967 
626 8840 37.5 236 «8.75 2.65 69.95 74.35 4.40 | 38.8 1000 
627 8970 30.3 296 «68.86 2.73 81.85 85.35 3.50 | 28.3 1108 
628 9040 14.3 593 8.94 2.75 98.53 100.28 1.75 | 12.7 1233 
638 8890 56.4 157 8.79 ~—- 2.90 47.90 54.48 6.58 | 63.4 920 
639 «8840s 199 62.83 68.03 5.20 | 48.7 945 
640 8890 40.0 222 «8.79 2.93 70.08 74.78 4.70 | 41.9 995 
6418970 34.4 261 8.86 2.93 79.58 83.55 3.97 | 33.5 1062 
642 «8810s 24.8 354 8.72 90.13 93.10 2.92 | 22.8 1127 
8810—s:17.0 518 8.72 99.4 101.4 2.00 15.6 1130. 
644 8620 8.50 1015 8.52 2.95 107.16 108.18 1.02 | 6.80 1290 
645 8810 14.7 599 8.72 2.87 99.72 101.45 1.73 | 13.3 1145 
646 384 8.72 2.87 90.85 93.55 2.70 | 21.7 1095 
647 8730 30.6 285 8.63 2.90 82.60 86.23 3.63 30.0 1055 
648 8730 39.4 222 «8.63 2.85 69.88 74.55 4.67 41.3 985 
649 ©9000 457.1 158 8.91 3.00 48.58 55.15 6.57 63.5 930 
650 9000 50.2 179 8.91 3.05 59.8 65.58 5.78 53.3 975 
651 9000 41.0 220 «8.91 2.97 70.53 75.25 4.72 41.6 1018 
652 8925 32.1 278 88.82 3.00 81.35 85.08 3.73 31.4 1060 
653 353 «8.72 | 3.03 90.00 92.93 2.93 23.7 1088 
654 518 8.82 3.05 100.98 102.98 2.00 15.4 1158 
655 8890 4.30 2070 8.79 3.04 111.88 112.38 0.50 3.30 1342 j 
656 8925 4.40 2030 8.823 3.04 111.13 111.64 0.51 3.60 1263 
657 560 8.82 3.02 100.33 102.18 1.85 13.8 1193 
658 8925 56.5 158 8.82 = 2.98 49.8 56.35 6.55 60.7 963 4 
659 8810 48.5 182 8.72 3.03 61.18 66.88 5.70 50.5 993 
660 8970 42.2 212 «8.86 3.05 69.83 74.75 4.92 42.5 | 1036 
661 8840 32.2 274 «8.75 8.18 81.40 85.13) 3.73 31.8 | 1050 
662 8840 24.1 366 «8.75 8.18 90.62 93.45 2.83 23.0 1088 
663 8810 14.7 598 8.72 3.13 101.35 103.08 1.73 13.1 1163 
664 8730 4.90 1786 8.63 3.14 111.07 111.65 0.58 3.90 1295 ; 
665 8970 5.02 1786 8.86 3.14 111.10 111.68 0.58 3.70 1403 
666 8840S 581 8.75 3.14 101.34 103.12) 1.78 13.1 | 1200 
667 9080 6.24.8 366 8.98 3.09 90.75 93.68 2.83 23.1 1113 
668 8730 32.6 267 «8.63 3.09 80.35 84.23 3.88 32.7 | 1035 
669 8810 40.2 219 8.72 3.02 71.12 75.85) 4.73 | 41.8 | 1008 
670 ©8810 48.3 182 8.72 3.05 61.38 67.05 5.68 50.8 984 
671 8970 7.90 1138 8.86 2.86 107.27 108.18 0.91 6.80 | 1200 
672 8810 1057s 8.72) 2.88 114.4 107.27 108.25 0.98 6.60 | 1305 
6739000 4.80 1881 8.91 114.9 110.90 0.55 3.70 | 1335 
674 «8810S 4.40 «1981 8.72 2.92) 114.7 0.54 3.15) 
= 
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TABLE 5 TESTS OF HEAT TRANSFER THROUGH CONDENSER TUBES—Con. 
| MADE TO DETERMINE EFFECT OF VARIATIONS OF MEAN TEMPERATURE DIFFERENCE ON HEAT TRANSFE Ii 


in 
of 
Dif- 


In 


Hour, Lb. 

Tube, Ft. Per Sec 
Condenser, 
Mercury 

Deg. Fahr. 

Water, Deg. Fahr 
let Water, Deg. Fahr 
Water, Deg. Fahr 
ference, Deg. Fahr 
—Arith. 

B.t.u. Per Sq. Ft. Per 
Hour Per Deg. Mean 
Temperature 
ference 


Steam Condensed Per 
Steam, 


Temperature of Steam, 
Temperature of Out- 
Temperature Rise of 
Mean TemperatureiDif- 


Velocity of Water in 
Temperature of Inlet 


Circulating Water 
Per Hour, Lb 

Ratio of Water to 

Absolute Pressure 


= 


R Vw P to 
Admiralty Tube, 1 in. Outside Diameter, 18 B.W.G. 


114.0 108.51 109.28 
114.6 104.38 105.65 
114.7 107.99 108.93 
113.6 102.79 104.2 
115.3 103.88 

115.1 109.06 

115.4 111.94 | 
115.1 

114.6 

114.3 

113.4 

115.0 

114.3 

114.2 

115.0 

114.5 

114.3 

115.3 

115.5 

114.5 

114.5 

114.5 

114.5 

113.3 

114.3 


8. 
8. 
8. 
8. 
8. 
8. 
8. 
6. 
5. 
5. 
5. 
5. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 


4 
675 8970 6.701345 2.92 0.77 1275 
676 8810 85 2.93 1.27 9.60 1165 
be: 678 8840 1101 3.05 0.94 6.20 1342 
679 8890S :12.1 735 3.02 1.41 10.2 1228 
680 8730 12.6 690 3.10 1.50 10.7 1225 
681 8970 7.50 1190 3.10 0.87 5.60 1367 
682 8770 4.30 2030 3.15 0.51 3.20 1395 
683 7.90 1125 3.15 0.22 5.80 1405 
686 «6185 4.801294 3.10 0.80 440 1123 
687 6030 13.9 435 3.10 2.38 13.7 1047 
A righ 688 5905 21.1 284 3.04 3.65 21.7 1007 
- 689 5995 28.6 209 3.12 4.95 31.4 M5 
690 5955 28.6 167 3.10 6.20 41.4 892. 
601 6185 42.4 146 3.10 7.10 49.9 868 
i 692 6220 47.9 130 3.10 798 61.3 812 
693 «6300 Ss 48.5 3.12 7.97 61.0 823 
694 «6220 41.5 150 2.95 6.90 50.0 858 
695 6185 36.2 171 2.95 6.05 42.0 891 
696 66262 2.95 4.02 32.9 935 
5 697 6340 «22.0 288 2.97 3.60 22.7 1005 
c 698 6370 13.2 481 2.95 2.15 13.0 1055 
Pi 699 ©6185 4.30 1480 2.95 0.70 3.40 1272 
700 «3640 «= 3.90 2.95 0.82 3.80 786 
701-3718 9.20 403 2.93 2.57 12.9 741 
702 3415 «10.3233 3.08 4.45 20.7 733 
703 «3792 3.03 113.5 79.65 85.55 5.90 30.9 723 
. 704 3718S (26.5 140 3.08 114.1 71.05 78.45 7.40 39.3 700 
705 3718 30.2 123 3.08 113.6 62.35 70.78 8.43 47.0 665 
706 63680 «33.9 108 3.08 114.0 53.73 63.28 9.55 55.5 632 
707 3680 34.0 108 3.08 114.0 52.93 62.50 9.57 56.1 627 
8562 29.8 120 ME 63.02 113.5 59.80 68.45 8.65 49.4 625 
709 1428.53 83.02) 7090 78.18 7.28 
q 710 178 3.53 3.03 114.0 80.25 86.23 6.98 30.8 698 
85624. 2418.53 | 3.06 114.1 90.85 95.15 4.30 1722 
712-3562 8.400 423 3.53) 2.96 118.3 100.30 102.75 2.45 11.8 740 
713° «3600S 4.00 901: | «3.57 3.08 115.4 109.75 110.9 1.15 5.10 812 
714 97.0 2.01 2.81 112.4 51.78 62.48 10.7 55.3 392 
1859 17.6 105 118.8) 61.48 «71.30 9.82 47.6 
1859 14.9124 1.838 2.86 118.0 71.08 «79.4 87.7 410 
717. «1820 «12.4 146 118.5 79.35) 86.42 7.07 30.6 420 
718-1915, 8.80 2171.90 2.86 112.6 | 90.50 05.28 4.78 19.7 


GEORGE A, ORROK LI7E 
TABLE 5 TESTS OF HEAT TRANSFER THROUGH CONDENSER TUBES—Con. 


_ MADE TO DETERMINE EFFECT OF VARIATIONS OF MEAN TEMPERATURE DIFFERENCE ON HEAT TRANSFER 


of 


Per Sec. 
In. 
Deg. 


Fahr.—Arith. 


Deg. Fahr. 
B.t.u. Per Sq. Ft. Per 


ture of Out- 


Water, 


Temperature Rise of 
Hour Per Deg. Mean 


Hour, Lb. 

Tube, Ft. 
Condenser, 

Mercury 

Deg. Fahr. 

Water, Deg. Fahr. 
Water, Deg. Fahr. 
Difference, 
Temperature Differ- 


Ratio of Water to 
Q 

Velocity of Water in 


Steam, 


Circulating Water Per 
et 


Steam Condensed Per 
Absolute Pressure in 
Temperature of Steam, 
Temperature of Inlet 
Mean Temperature 


Test Number 


Tem 
A 


R 


Pp ts ty 


> 
B 


Admiralty Tube, 1 in. Outside Diameter, 18 B.W.G. 


j 
5.70 376 2.96 113.8 100.48 103.23 

113.8 110.30 
112.8 109.18 
112.9 99.15 
113.9 88.67 
113.1 80.58 
113.6 53.1 

113.5 61.85 
114.6 71.03 


to 
NON 


+2 


@ 
a 

ow 
>? 
@ 


ap 


Q 
510 
467 i 
500 
418 
433 
418 
= ma 
ne 
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TABLE 6 TESTS OF HEAT TRANSFER 


| 


Admiralty Tube, 1 In. Outside Diameter, 18 B.W.G. ...................... { 


Used Per Hour, 
Per Hour, Lb. 


Steam Condensed 


Test Number 
Circulating Water 


o 


Copper Tube, 1 In. Outside Diameter, 16 B.W.G 


Shelby Steel Tube, 1 In. Outside Diameter, 18 B.W.G 


Admiralty Lead-Lined, 1 In. Outside Diameter, 0.088 In. Thick. ........ { 


Admiralty-Oxidized, 1 In. Outside Diameter, 18 B.W.G 
Zine Tube, 1 In. Outside Diameter, 18 B.W.G. { 


Tin Tube, 1 In. Outside Diameter, 0.055 In. Thick 


q 
aa 
1g 
Cupro-Nickel Tube, 1 In. Outside Diameter, 18 B.W.G.................... { 
Old Admiralty Tube, 1 In. Outside Diameter, 18 B.W.G................... { 
735 9040 30.4 
5 Aluminum-Bronze Tube, 1 In. Outside Diameter, 18 B.W.G.............. { 
736 8970 30.2 
Monel Tube, 1 In. Outside Diameter, 18 B.W.G { 
Aluminum-Lined Tube, 1 In. Outside Diameter, 18 B.W.G............... { 
| { 741 9040 22.8 
Be 743 8650 27.6 
; 745 8890 30.8 
746 9040 32.0 
7 7 747 8925 26.0 
748 8970 25.7 
+4 
4 749 8840 27.7 
. \ 750 8970 27.2 
a. 751 9080 105 
~ 752 8970 101 
0 
Admiralty Tube, 1 In. Outside Diameter, 18 be: 
758 8620 95.7 
- 761 8730 70.5 
763 8925 51.8 
. ; Copper Tube, 1 In. Outside Diameter, 16 B.W.G....................... 765 9080 99.4 
766 8970 
767 9000 138 
f 768 8730 177 
; --) Admiralty, Vule. Inside, 1 In. Outside Diameter, 18 B.W.G.............. \ 789 8730 196 
f 770 8770 6.4 
Admiralty, Vulc. Both Sides, 1 In. Outside Diameter, 18B.W.G............ 71 9040 £6 
4 


THROUGH CONDENSER TUBES 


Ft. 
in Condenser, 
Deg. 
Water, 
Fabr.— 


In. of Mercury 


Per. 
Outlet Water, 


Deg. Fahr. 
ture Difference, 
Per Deg. Mean 
Temperature 
Difference 


in Tube, 

Sec 
Absolute Pressure 
emperature of 

Inlet 
emperature of 
Rise of Water, 
Deg. Fabr. 


Ratio of Water 
to Steam 
Steam, 

Fahr. 
Deg. 
Arith. 


Mean Tempera- 


Temperature 


| Velocity of Water 
Temperature of 


| 


ee 7 


& && 


$& 


28 

es 


= 
~ 
28.2 1232 
83 27.4 1267 
15 27.6 1243 
07 27.3 988 
10 27.2 1024 7 
27 29.1 703 
2.25 28.0 705 
3.48 28.8 1090 
) 3.48 28.5 1092 
| 
368 8.90 2.99 113.8 85.18 88.00 2.82 27.2 932 F 
357 8.94 2.99 114.6 84.92 87.82 2.90 28.1 932 
264 8.99 115.3 84.90 88.83 3.93 28.4 1223 
; 268 9.21 2.96 115.0 85.28 89.15 3.87 27.8 1262 : 
395 8.94 3.07 115.6 84.88 87.50 2.62 29.4 805 
401 8.75 2.99 115.1 85.60 88.18 2.58 28.2 808 ae 
309 10.00 3.01 115.1 85.10 88.45 3.35 28.3 1023 
10.20 2.99 114.9 85.52 88.75 3.23 27.8 1022 
288 8.79 3.07 115.3 85.38 88.98 3.60 28.1 1136 = 
282 8.94 3.04 115.0 85.15 88.82 3.67 28.0 1183 
343 8.83 3.07 115.6 85.98 89.00 3.02 28.1 958 ; 
8.87 3.07 115.0 85.48 88.45 2.97 28.0 948 
8.94 3.14 115.9 86 00 89.25 3.25 28.3 1015 
9.07 3.07 115.0 88.63 3.15 27.9 1009 
- 86.6 8.98 9.70 161.2 64.88 11.58 102.2 1027 
89.0 8.87 9.68 160.3 64.83 11.28 101.1 1000 
95.6 8.79 9.68 160. 74.48 10.5 90.8 1027 
108 8.83 9.57 159.3 87.2 9.27 76.6 1078 
129.4 9.02 9.72 160.5 100.75 7.75 63.6 1108 
; 141.2 8.67 9.75 160.6 108.9 7.10 55.2 1127 j 
85.4 8.79 . 9.84 161.3 67.08 11.75 100.1 1040 
90.0 8.52 9.78 161.1 73.65 11.15 93.0 1033 
99.4 8.75 9.85 161.0 82.7 10.1 83.3 1070 _ 
109 8.68 9.71 160.3 90.45 9.2 74.4 1083 
> 124 8.64 9.78 160.0 101.08 8 8.10 63.0 1120 
149 8.79 9.75 160.5 106.50 113.28 6.75 50.7 1182 
e 172 9.25 3.02 114.9 56.68 62.7 6.02 54.2 992 
iS 9.36 4.97 134.0 56.63 64.68 8.05 73.3 1005 
ne 9.37 9.82 160.7 56.85 67.83 10.98 98.3 1015 4 
78.4 9.30 14.79 178.1 56.50 69.45 | 12.95 115.1 1007 » 
65.1 0.34 22.52 197.0 56.65 71.65 15.00 132.8 1017 . 
49.2 8.65 3.00 117.8 85.95 88.03 2.10 30.8 596 : 
«47.0 8.65 3.00 117.2 84.45 86.65 2.20 31.6 607 
1380 8.68 3.02 115.7 85.48 86.23 0.75 30.0 219 
__ 1380 8.94 3.07 115.9 85.95 86.70 0.75 29.7 227 
as 
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TABLE 7 CONDENSER TESTS * 


MADE ON A CYLINDRICAL SURFACE CONDENSER CONTAINING 300 sq. FT. OF TUBE SURFACE 


of 
Differ- 


ence Per Hour 


In. 


Fahr. 


Q 
W 
Tubes, Ft. Per Sec. 


charge Water, Deg. 


Fahr. 


Water, Deg. Fahr. 
Difference, Deg. 
to Diameter in In. 


Condenser, 
Fahr. 


Mercury 
Deg. Fahr. 


Hour, Lb. 
Deg. Fahr. 
Deg. 


Steam Condensed Per 
Steam, 


Ratio of Water to 
Velocity of Water in 
Absolute Pressure in 
Temperature of Steam, 
Temperature of Inlet 
Temperature of Dis- 
Temperature Rise Water, 
Mean Temperature 
Ratio of Length in Ft. 
B.t.u. Per Sq. Ft. Per 


15 


- 


- 


2. 
2. 
2. 
3 
3. 
2. 
2. 
2. 
2. 
3. 
1. 
2. 
2. 
3. 
2. 
3. 
2. 
2. 
2. 
2. 
3 
3. 
2. 
2. 
2. 
3. 
2. 
2. 
2. 
3. 
2.0: 
2. 
2. 
2. 
3. 


, Inst. C. E., Feb. 28, 1905 


‘AS 
fae 
ig 
|| 
Z 
3 
al 
= W R ts to ty l+d U 
1 1504 122.0 0.952 106.7 85.0 93.0 8.0 17.4 15.657 281 
1484 101.2 0.780 107.7 85.6 95.2 9.6 16.8 15.657 286 
3 1495 80.3 0.620 110.5 85.5 98.0 12.5 | 18.05 15.657 275 
4 1503 61.1 0.476 117.5 86.0 103.0 17.0 21.95 15.657 237 
5 1469 51.5 0.393 121.0 | 85.0 107.0 22.0 23.32 15.657 237 
6 1552 107.0 0.862 104.7. 80.0 90.0 10.0 19.27 15.657 293 
7 1487 95.7 0.738 104.3 79.2 91.8 12.6 | 18.05 15.657 332 
8 1533 83.0 0.655 107.4 80.09 94.6 14.51 19.13 15.657 321 
9 1497 61.4 0.478 112.8 81.6 98.1 16.5 21.95 15.657 224 
10 1537 49.25 0.393 117.8 80.0 100.9 20.9 25.98 15.657 199 
: 11 1590 114.0 0.942 100.0 74.5 83.5 9.0 20.7 15.657 263 
12 1542 78.0 0.624 104.8 75.0 88.5 13.5 22.35 15.657 242 
= 13 1595 60.2 0.498 109.2 75.1 93.9 18.8 23.42 15.657 245 
1514 39.65 9.312 119.6 74.97 101.4 26.43 29.5 15.657 180 
15 1600 103.5 0.861 94.2 70.0 80.0 10.0 18.73 15.657 293 
16 1502 69.5 0.547 101.0 70.0 85.4 15.4 22.45 15.657 238 
4 1529 49.5 0.393 113.3 70.0 92.7 22.7 30.6 15.657 187 
1510 39.8 0.309 117.5 70.0 98.5 28.6 81.1 18.657 183 
; 19 1560 106.0 0.860 88.7 65.0 74.5 9.5 18.5 15.657 283 
20 1601 66.0 0.550 103.0 65.05 81.4 16.35 29.05 15.657 198 
21 1520 49.7 0.393 111.9 64.2 86.7 22.5 35.35 15.657 161 
- 22 1495 40.2 0.312 115.5 65.06 91.8 26.74 35.5 15.657 151 
i 23 2050 «96.8 1.030 108.6 85.0 964 11.4 17.28 15657 436 
4 24 1993 79.5 0.812 113.34 84.64 98.8 14.16 20.83 15.657 335 
25 2054 59.20.6311 118.9 85.04 103.96 18.92 23.15 15.657 327 
26 1998 49.5 0.875 122.5 84.9 108.32 23.42 24.03 15.657 322 
~ 27 1964 101.0 1.030 106.6 81.1 92.9 11.8 19.0 15.657 412 
28 1983 80.0 0.825 108.3 80.9 95.5 14.6 19.19 15.657 402 
29 2038 0.622 114.3 | 80.1 99.0 18.9 238.5 15.657 322 
30 2068 8647.7. 0.512 119.5 80.0 101.0 21.6 27.32 15.657 260 
7 on 31 1908 95.0 0.940 103.3 | 75.0 | 87.2 12.2 | 21.65 15.657 341 
a 32 1993 79.5 0.823 107.0 | 75.7 | 90.7 | 15.0 | 23.0 15.657 345 
s 33 1986 49.75 0.510 114.5 75.0 | 98.0 23.0 26.35 15.657 288 
34 2009 0.407 120.3, 75.0 | 103.0 28.0 | 29.1 15.657 246 
35 2016 1.170 95.0 70.2 78.8 8.6 20.2 15.657 320 
36 2076 76.0 0.825 104.4 | 70.3 83.8 18.5 | 26.8 15.657 265 
_**@ 2017 66.8 105.6 | 70.3 87.8 17.0 | 25.8 15.657 297 
38 1992 60.25 0.622 103.9 68.5 86.15 17.65 25.6 15.657 276 
39 1963 50.25 0.512 110.0 | 70.0 | 91.4 | 21.4 | 27.95 | 15.657 252 
7 40 2029 «38.7 0.408 119.4 | 70.0 | 98.3 28.3 | 33.3 | 15.657 221 
41 2106 94.2 1.030 92.2 65.0 343 
*Tests made by R. W. Aller ublished in Proc. 
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TABLE 7 CONDENSER TEST—Con. 


MADE ON A CYLINDRICAL SURFACE CONDENSER CONTAINING 300 SQ. FT. OF TUBE SURFACE 


of Water in 
Per Sec. 

in 

In. of 
Differ- 


Q 


Steam, W 
to Diameter in In. 


charge Water, Deg. 
Water, Deg. Fahr. 


Water, Deg. Fahr. 
Fahr. 


Condenser, 
Difference, Deg. 


Mercury 
Deg. Fahr. 
Deg. Fahr. 


ence Per Hr. 


Hour, Lb. 
Tube, Ft. 


Steam Condensed Per 
Temperature of Steam, 
Temperature of Inlet 
Temperature of Dis- 
Temperature Rise 

Mean Temperature 

Ratio of Length in Ft. 
B.t.u. Per Sq. Ft. Per 


Absolute Pressure 


Test Number 


Velocity 


Ratio of Water to 


Nw 


3.8 
3 
3 
25 
0 
0 
5 
0 
5 
3 
0 
8 
0 
5 
7 


o 


| 

=> 

42 2008 «679.0 0.824 96.0 65.0 78.3 13.3 23.8 15.657 296 

2154 55.73 0.623 103.5 65.0 82.7 17.7 | 28.78 15.657 246 
4 1932 40.7 0.408 1144.0 65.0 90.7 25.7 34.63 15.657 195 

2440 121.0 1.535 107.7 85.0 92.7 7.7. 18.6 15.657 407 

46 2460 91.25 1.161 111.7. 85.0 95.0 10.0 21.3 15.657 351 

47 2520 1.032 113.5 84.75 96.8 12.05 22.2 15.657 360 

48 2428 0.764 119.0 84.6 100.8 16.2 25.41 15.657 311 

49 2520 1.532 103.2 80.1 88.6 8.5 18.55 15.657 453 
802600 1.273 106.3 80.0 90.5 10.5 20.62 15.657 417 
2580 1.044 110.8 80.5 94.1 13.6 22.85 15.657 394 
2500 0.780 116.0 80.0 96.7 16.7 26.83 15.657 310 

2580 1.589 99.7 75.0 83.0 8.0 20.4 15.657 400 

54 2460 1.274 102.0 75.25 85.0 9.75 21.53 15.657 370 

55 2484 1.032 106.4 74.9 87.4 12.5 24.75 15.657 339 

56 2565 0.778 112.5 75.0 93.0 8.0 12.25 15.657 327 : 
57 2520 0.512 123.6 75.0 100.3 25.3 34.42 15.657 241 
58 2620 1.571 95.0 70.1 78.7 8.6 20.25 15.657 427 
: 59 2424 1.272 98.2 69.7 79.0 9.3 23.6 15.657 322 7 
60 2520 1.032 103.3 70.0 83.0 13.0 26.3 15.657 327 
61 2468 0.512 120.2 70.0 95.7 25.7 | 35.8 15.657 236 
62 2445 1.538 90.5 65.1 73.0 7.9 21.25 15.657 322 
63 2400 1.165 04.2 64.7 74.7 10.0 24.2 15.657 309 
a 64 2430 0.778 104.7 65.0 83.0 18.0 29.8 15.657 302 : 
65 2515 39.3 0.512 3.22 117.2 65.0 91.0 26.0 37.75 15.657 228 ; 
2916 105.0 1.590 2.70 110.6 85.0 94.6 9.6 20.41 15.657 482 
67 3041 80.5 1.270 2.97 113.6 85.0 97.0 12.0 22.08 15.657 4388 i 
68 2964 69.7 1.073 3.30 117.9 85.0 99.0 14.0 25.25 15.657 382 
69 2968 58.5 0.901 3.68 121.8 84.9 102.2 17.3 27.39 15.657 366 . 

80.1 90.0 9.9 21.77 15.657 448 ‘ 
2060 84.75 1.303 2.60 109.0 80.0 91.6 1.6 22.75 15.657 427 
2952 4459.0 80.0 «16.7 | 27.9 15.657 348 
73 3048 106.5 1.689 1.94 101.0 75.0 83.0 8.0 21.8 15.657 397 a - a 
74 3015 5412.09 102.7 75.0 84.20 22.8 15.657 400 

75 2970 81.7 1.260 2.28 75.0 87.0 12.0 | 24.4 15.657 398 } : 
2940 61.5 0.938 2.66 75.0 91.5 16.5 26.58 15.657 376 
75.0 96.0 21.0 | 32.1 15.657 326 
: 78 3012 107.8 1.690 1.78 70.3 79.1 8.8 | 22.02 15.657 434 © 
79 3000 99.0 1.538 70.25 80.25 10.0 23.5 15.657 421 
802970 61.0 0.942 70.0 86.7 16.7 , 32.0 15.657 315 
3171 37.9 0.624 3.82 60.7 | 06.2 | 26.5 | 38.1 15.657 277 
32 2970 490.7. 1.400 1.70 64.6 75.2 10.6 | 25.3 15.657 376 
33 2965 69.5 1.070 2.03 65.0 79.5 14.5 28.35 15.657 351 a 
84 3077: 48.75 0.770 2.74 65.0 86.4 84.78 15.675 307 
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TRANSMISSION OF HEAT IN SURFACE CONDENSATION 


TABLE 10 CONDENSER TUBE 


Number 
Sec. 
In. of 
Deg. Fahr. 


Steam, 

Tube, Ft. Per. 
Condenser, 
Mercury 

Deg. Fahr. 

Deg. Fahr. 
Water, 

Water, Deg. Fahr. 


Hour 
Absolute Pressure in 


Temperature of Outlet 


Hot-Wel! Temperature, 
Temperature of Inlet 


Steam Condensed Per 
Velocity of Water in 
Temperature of Steam, 


Ratio of Water to 


Test 


w 
o 


42.93 
42.93 
42.93 


44.11 
45.09 
44.82 
44.38 
44.51 
43.71 


44.55 
44.55 
44.55 


48.91 
48.44 
45.13 
45.02 
41.00 


56.40 
56.40 


62.40 
62.00 
61.60 
40.50 
40.50 
39.56 
39.56 


é 
2.374 41.1 0.057 1.56 93.3 91.55 41.33 68.40 
; 7 5.818 17.0 0.58 5.00 134. 131.5 41.33 104.7 
7 18.93 40.0 0.443 17.99 187.3 174.0 41.28 66.60 
, 17.83 44.7 0.465 15.32 180.0 167.5 40.93 63.78 
=e 11.21 52.7 0.346 9.09 157.7 142.9 40.62 61.05 
: 15.50 40.8 0.369 13.33 174.0 157.9 40.66 66.55 
i 4.36 15.6 0.040 29.90 212. 75.03 41.68 119.1 
- 2.985 63.5 0.798 0.96 78.0 73.0 43.83 61.7 
2.983 6.85 0.086 18.33 188.2 183.8 43.20 178.0 
3.27 13.3 0.184 4.97 133.7 129.9 43.91 123.1 
= 1.83 33.4 0.258 1.19 84.5 78.3 44.35 78.15 
7 11.46 6.67 0.322 25.13 203.3 189.0 43.45 190.6 
; 14.81 44.3 2.67 2.16 104 103.5 47.59 72.6 
30.84 40.3 5.24 7.88 151.7 140.8 73.33 
=x - 62 7.40 64.0 5.00 1.115 82.6 78.65 61.80 
- a 63 23.79 20.7 5.20 7.29 148.7 138.0 94.70 
a 64 44.75 12.1 5.72 27.27 207.2 190.1 124.6 
: ; 39 3.023 19.0 0.670 2.19 104.4 103.2 101.7 
. 7 40 3.629 5.90 0.226 24.49 202 193.0 192.5 
> 41 | 3.399 39.3 1.41 1.04 80.5 77.15 73.15 
“— 7 42 10.52 14.7 1.63 6.06 141.3 121.2 117.8 
43 8.737 11.4 1.05 6.93 146.7 143.4 134.2 
5.559 81.9 4.80 1.59 93.85 60.18 
a 65 5.01 30.1 1.59 1.82 98.2 82.95 80.30 
ae, 66 13.05 14.2 1.95 5.45 137.1 133. 118.0 
67 25.81 8.25 2.24 22.77 198.7 186.5 160.2 
a 68 3.22 9.18 0.146 10.06 161.9 149.2 153.2 
70 «(22.18 18.1 2.07 21.53 196.0 178.0 107.1 
23.6 3.25 21.07 194.9 179.3 87.4 
| 8.65 235. 3.09 1.18 84.45 65.4 50.56 
3.284 6.99 0.114 30.02 212.3 96.0 195.2 
ss 84 26.43 21.0 2.17 28.52 209.7 201.2 P| 102.0 
7 85 23.75 19.2 1.78 | 29.54 211.5 192.3 108.15 
97 11.81 47.7 0.842 4.04 126.1 12.9 85.15 
R _ 98 27.31 24.2 0.990 14.45 177.4 168.7 105.25 
b 7 99 38.01 20.6 1.17 24.49 202.0 190.6 | m2 
r, iy 148 5.14 23.2 1.44 1.601 94.1 91.1 88.00 
149 || :13.68 10.1 1.66 8.39 154.2 150. 142.2 
150 | (9.71 35.0 4.10 1.412 90.1 82.5 | 70.4 
151 | (23.36 14.9 4.22 7.192 148.0 4.30 109.0 
a bo ‘ * Tests made by J. P. Joule and published in Phil. Trans. Royal Soc., Vol. 151, p. 133. ‘ene 


Rise 
Deg. Fahr. 


Temperature 
Water, 


Deg. 


Difference, 


Fahr. 


Mean Temperature 


q 
RORGE A. ORROK : L185 


HEAT TRANSFER TESTS* 


Ratio of Length in Ft. 
to Diameter in In. 


Ft. Per 
er Hour 


B.t.u. Per S 
Deg. Fahr. 


steam in same direction. 


_ direction. Tests 150-151, counter-current. 


Copper steam tube, 4 in. long, 0.75 in. outside diameter, 0.63 
in. inside diameter. Total inside surface, 0.66 sq. ft. Water 
area, 1.0976 sq. in. Outer tube 1.4 in. inside diameter. Flow 
counter-current. 

« 
2 


Same steam tube. Outer tube 0.87 in. inside diameter. i 
Water area 0.1523 sq. in. Flow counter-current except Tests 
34 and 35, in which steam and water flow in the same direction. 


Same steam tube. Outer tube 0.8 in. inside diameter. Inner 
tube rubbed with oil. Water area 0.0609 sq. in. Flow counter- 
current. 


Same steam tube. Outer tube 0.8 in. inside diameter 
Water area 0.0609 sq. in. Counter-current. 


Same tubes. Oil cleaned off after tests 62-64. Water and 


Lead tube 4 ft. long, 0.77 in. outside diameter, 0. 52 in. inside 
diameter. Outer tube 0.87 in. inside diameter. Inside 
surface 0.545 sq. ft. Water area 0.1288 sq.in. Counter-current 
flow. 


Iron tube 4 ft. long, 0.74 in. outside diameter, 0.602 in. inside 
diameter. Outer tube 0.87 in. inside diameter. Surface 0.63 
sq. ft. Water area 0.164 sq. in. Counter-current. 


Copper tube again. Outer tube 1.4 in. inside diameter. 
Spiral 0.1 in. diameter copper wire 30 turns around inner tube— 
half 1.h. Water area 0.429 sq. in. Counter-current. 

Iron tube as above. Outer tube 0.87 in. inside diameter. 
Spiral of 55 turns 0.055 in. copper wire wound on inner tube. 
Water area 0.053sq.in. Tests 148-149, steam and water in same 


| 
| 
oF 
i 
6 l+d U | 
27.07 36.85 6.35 108.7 
63.37 | 55.0 6.35 172 
25.32 133 6.36 219 
22.85 | 128.2 6.35 216 
20.43 107.1 6.35 171 
25.89 120.2 6.35 206 F 
77.42 27.2 | 6.35 62.5 
17.87 24.2 6.35 212 
134.8 50.8 6.35 82 
79.19 37.1 6.35 141 
33.80 18.3 6.35 171 
147.15 58.1 6.35 293.5 
25.01 42.8 6.35 349 
25.82 90.6 6.35 538 a 
18.87 29.4 6.35 460 7 
51.77 77.0 6.35 503 
81.67 118.6 6.35 566 
57.59 18.5 6.35 271 7 
147.41 52.5 6.35 91 
28.33 17.9 6.35 320 
73.42 51.9 6.35 332 
89.69 | 42.6 6.35 317 
14.09 42.9 6.35 226 
35.75 32.6 6.35 250 
73.45 46.5 6.35 442 7 
115.65 81.8 6.35 456 
104.29 | 40.7 7.69 139 
58.66 | 115.7 7.69 389 
2.27 | 197.8 7.69 398 
5.4 36.7 7.69 173 7 
154.2 67.0 7.69 97 
45.6 128.7 6.65 313 
51.75 127.5 6.65 294 i 
2.75 6.35 “377 
43.25 92.1 6.35 470 . 
0.6 113.5 6.35 518 
7.5 2208 6.65 431 
101.7 45.2 6.65 492 e 
30.4 32.8 6.65 507 
= 


SURFACE = 25,000 sq. Fr. TWO Pass. 


Test Number 


Hour, Lb. 


Steam Condensed Per 


Ratio of Water to 


of 


In. 


Absolute Pressure of 
Steam, 


Mercury 


TABLE 11 CONDENSER TESTS* 


Per Sec. 


Velocity of Water, Ft. 


be. rt 1186 TRANSMISSION OF HEAT IN SURFACE CONDENSATION 


WATER AREA 13.22 sq. Fr. 5960 TuBEs, 16 FT. LONG, | IN. 
OUTSIDE DIAMETER, 18 B.w.a. 


Temperature of Steam, 
Deg. Fahr. 


104 


Hot-Well Temperature, 
Deg. Fahr. 


oo 


89.5 


Temperature of Inlet 
Water, Deg. Fahr. 


Temperature of Outlet 
Water, Deg. Fahr. 


Temperature of Rise 
Water, Deg. Fabr. 


Deg. 


Difference, 
Fahr. 


B.t.u. 


Mean Temperature 


Per Sq. Ft. 
Fahr., Dif- 
ference Per Hour 


Per Deg. 


311 
576 
347 
303 
300 
229 
371 
444 
291 
337 
326 
207 
266 


3 R Pp Vy ty tp —to log 6 U 
38 237480 88.5 «1.51 42.7 71.2 87.7 87.38 19.6 0.445 43.8 227 

39 187193 48.2 1.59 3.04 94 76.2 39.9 62.5 22.6 0.542 41.7 195 
_ 40 170661 52.90 1.22 3.04 | 8 71.0 32.0 51.8 19.8 0.470 42.1 168 
' /ia 41 160220 46.4 1.30 2.50 | 87 73.4 34.0 56.8 22.8 0.565 40.3 168 
42 147142 42.7 1.32 2.11 88 75.2 81.8 56.7 24.9 0.588 42.4 147 
“ 7 43 138766 44.2 1.47 2.06 | 91 80.2 32.8 57.1 24.3 0.542 44.8 132 
gy a 44 122689 107.7 0.94 4.44 77 59.4 31.6 42.0 10.4 0.262 39.6 139 
48 114372 118 1.20 4.54 85 60.6 32.9 42.1 9.2 0.1906 48.3 103 
51 133462 150 1.18 6.72 65.2 37.5 48.1 5.6 0.1310 42.7! 104 
54176565 «77.1 0.94 4.57 77 | 57.3 33.5 47.8 14.3 0.3988 35.6 218 

55 99210 112 1.16 3.73 | 8&4 58.6 383.1 41.3 8.2. 0.1740 47.1 7 
56 158112 63.4 1.02 3.37 80 60.7 83.4 | 50.1 16.7 0.4447 37.5 178 
57 182508 77.5 0.86 4.75 74 «53.2 33.3 47.6 14.3 0.432 33.1 244 
58 81533 153 0.98 420 78 33.2 39.5 6.3 0.151 41.7) 75 
59 120863 108 0.94 467 7 33.4 43.7 10.3 0.270 38.2 141 
60 141930 82.9 0.88 3.4 75 33.3 46.0 12.7 0.365 348 172 

61 143958 108 1.00 5.22 79 33.1 47.2 14.1 0.365 38.6 227 
- os ine 62 206603 49.0 1.18 3.41 84 33.6 56.0 22.4 0.588 38.1 239 
‘ ae 5 150170 89.0 1.89 4.50 100 72.1 84.0 11.9 0.554 21.5 296 
6 167190 8.05 1.58 4.62 94 74.7 87.7. 13.1 1.185 117 605 
a | 7 164945 783 1.37 4.35 89 72.5 85.0 13.5 1.703 7.91 889 
a 8 161612 86.5 1.48 4.70 92 74.4 86.6 12.38 1.182 10.3 659 
: 9 164458 79.0 1.74 4.36 97 72.8 86.3 13.5 0.815 16.6 426 
10 185100 93.5 2.01 5.82 102 MMM 72.0 83.3 11.3 0.470 24.0 325 
g 11 136850 94.5 2.00 4.35 102 72.4 83.5 11.1 0.470 23.6 243 
fF, 12 192200 76.5 1.93 494 100 90.7 75.4 89.2 13.8 0.820 16.8 484 
ee 13 156470 96.0 1.94 5.06 100 88.2 72.8 83.8 11.0 0.519 2 
14 176210 78.6 1.63 465 94 86.4 730 86.6 13.6 1.044 1 
15 167103 69.0 2.41 3.88 107 91.8 93.5 15.3 0.751 2 
7? 16 167088 82.0 2.50 4.61 109 92.9 78.6 91.5 12.9 0.554 2 
4 17 179170 81.0 2.30 4.86 106 86.4 73.6 86.7 13.1 0.519 
eo ka 18 149148 98.0. 2.27 4.92 106 89.7 72.8 | 83.6 10.8 0.382 : 
ae 19 201351 66.0 2.14 446 104 90.9 72.2 88.2 16.0 0.698 : 
20 196680 51.0 2.17 3.37 104 90.3 72.6 93.7 21.1 1.105 
21 144309 85.0 4.13 99 87.8 72.5 84.4 11.9 0.593 
23 195514 75.5 2.20 4.95 105 1.1 73.0 87.0 14.0 0.571 | 
24 173150 78.5 462.13 «4.56 89.8 73.3 86.8 13.5 0.599 
25 134635 101 2.14 4.56 MM 888 72.3 828 10.5 0.399 : 
26 161983 91.0 244 4.93 108 88.2 73.1 84.9 11.8 0.412 
Z. ; _ oe > * Tests run on 59th Street exhaust turbine base condenser by H. G. Stott and R.J.S. | et and 
published in Trans. Am. Soc. M. E., vol. 32, p. 69. 


TABLE 12 HEAT TRANSMISSION* 
| | | 
in 2 aq| 2% | od sp 
13 8 $3 Sas ak 6.2 w sae 
W R ts to to — U 
{ 987 1739 31.8 4.45 1.36 88.9 90.0 45.3 75.3 30.0 1.1663 25.7 646 
; 988 1992 28.2 4.52 1.63 94.7 92.4 45.2 79.0 33.8 1.1474 29.5 645 
989 1844 24.6 3.66 2.03 101.9 97.1 45.3 85.0 39.7 1.2090 32.8 549 
At 990 1986 17.7 2.85 2.46 108.4 112.0 101.0 55.5 2.1401 25.9 
2.4 
2.7 


1096 ©2099 17.2 4.17 2.30 106.0 107.7 40.0 95.3 55.3 1.8197 30.4 1060 
1097 2010 10.4 2.39 5.70 139.0 142.0 40.3 129.7 85.4 2.3656 36.1 797 


* Test made by R. L. Weighton and published in the Proc. Inst. Naval Arch., April 5, 1906. 
: | Series A—100 sq. ft. surface—Ordinary airpump. Tubes { in. outside diameter, 16 ft. total length. 
serles B—100 sq. ft. surface—Dry air pump-cores. 
Series C—100 aq. ft. surface—Dry air pump. 
Series E— 62 sq. ft. surface—Ordinary air pump. Tubes § in. outside diameter, 10 ft. total length. 
Series F— 62 aq. ft. surface—Dry air pump-cores. 


©. 
7 1000 1073 34.5 4.23 0.00 76.2 79.5 46.2 75.8 29.6 4.32 6.86 1600 >, 
1005 1517 «24.2 44.21 1.41 90.1 95.4 46.5 89.8 43.3 4.98 8.69 1830 
Bs) 1007 1400 11.6 1.82 5.36 136.6 138.6 47.5 135.6 88.5 4.48 19.6 729 
1008 1781 30.9 6.37 1.16 83.9 88.2 46.5 81.3 34.8 2.667 13.0 1465 / 
1009 1716 «= 26.7 §.28 1.21 85.2 90.09 46.8 84.6 37.8 4.15 9.11 1905 
, 1010 1987 18.4 4.21 2.13 103.3 106.1 46.2 101.3 55.1 3.51 15.7 1283 
—_ { 1011 1840 14.3 3.00 3.33 119.0 121.9 46.4 118.2 71.3 4.50 15.8 1184 
1014 1265 «645.9 44.56 1.03 80.2 76.3 46.0 68.0 22.0 1.0367 21.2 602 
: 1015 1302 35.9 3.66 1.03 80.2 79.9 46.0 72.5 26.5 1.4907 17.7 695 ’ 
1016 «1194 30.7 2.85 1.18 84.4 86.2 46.1 78.7 32.6 1.9051 17.1 698 
| 1017 1191 2.04 1.55 93.1 95.3 46.3 88.3 42.0 2.2762 18.5 603 
1018 1170 13.8 1.22 3.93 125.0 123.5 46.9 119.7 72.8 2.686 27.1 433 
1031 1180 2.03 1.47 91.4 90.2 42.6 84.5 41.9 1.943 21.5 512 
| 1032 1148 51.5 4.65 0.95 77.8 76.5 42.0 60.8 18.8 0.7324 25.8 433 d 
| 1033 1681 «= 35.38 4.66 0.98 78.7 77.5 42.0 68.5 26.5 1.2809 20.7 759 ae 
1034 1570 16.8 92.04 2.56 110.0 109.7 42.5 102.0 59.5 2.1318 27.9 561 
| 1035 1848 = 14.2 2.03 3.48 120.5 121.9 42.5 114.0 71.5 2.4849 28.8 653 i 
1055 2208 26.0 4.63 1.95 100.4 101.3 41.3 77.2 35.9 0.9322 38.5 865 
1056 «2214 «= .20.5 3.67 2.70 111.6 114.0 41.4 88.3 46.9 1.1019 42.7 806 
1057-2288 2.83 4.43 129.4 132.0 41.5 104.3 62.8 1.2528 50.1 705 
1058 1788 31.8 4.51 1.68 95.7 104.0 41.2 72.0 30.8 0.8329 37.1 753 
1059 1753 «= -25.7 3.53 1.92 100.0 106.0 41.4 79.3 37.9 1.0403 36.4 757 i 
1060 1776 19.9 2.85 2.65 111.1 115.3 41.5 89.7 482 1.1787 40.9 672 
1061 1722 «14.4 2.01 4.40 129.0 132.0 41.7 103.0 66.3 1.4255 46.6 570 "4 : 
- { 1092 1157 47.6 6.48 0.98 76.8 75.0 43.5 618 18.3 0.7975 23.0 708 ? 
1093 1105 82.1) «4.17 1.13 83.1 81.7 44.1 72.5 28.4 1.3029 21.8 745 
1100 1649 33.6 6.47 0.90 76.1 78.7 40.0 62.6 22.6 0.9821 24.1 876 = 
1009-1646 22.1 «4.17 1.40 90.0 94.0 40.0 82.0 42.0 2.1199 19.8 1242 


1188 TRANSMISSION OF HEAT IN SURFACE CONDENSATION 


TABLE 13 CONDENSER TESTS* 


. Deg. 


rature End 
Pass 


Test Number 
Steam Condensed Per 
Ratio of Water to 
Water, Ft. Per Sec. 
Absolute Pressure in 
Condenser, In. of 
Mercury 
Deg. Fahr. 
First Pass, Deg. Fahr. 
ond Pass, Deg. Fahr. 


Deg. 
Temperature End Sec- 


Hot-Well Temperature, 
Fahr 
Temperature of Inlet 


Average Velocity of 
Temperature of Steam, 


Temperature End 


< 


= 


= 

& 


* Tests made by E. Josse and published in Zeitschrift des Vereines deutscher Ingenieure, February-Msich 19%. 


7 


t r and U figured on inside diameter of tubes in all tests. 


} Test 111 was on a turbine condenser with 6085 a. ft. of surface, Number and size of tubes not give’ 


| P ts fo ta *b te 
A 4000 51.4 115 = 82.25 58.45 50.39 51.7 61.6 65.9 
3985 34.6 139 90.0 68.9 50.42 52.6 69.9 75.35 
4023 24.0 2.05 102.0 79.5 50.37 61.1 80.7 87.8 
4050 18.7 2.79 113.0 50.4 65.4 90.5 99.0 
2453 0.98 79.9 52.7 50.4 50.62 S47 57.5 
2427 49.8 1.06 819 4.0 504 50.93 604 658 
| 2421 37.8 1.16 84.6 56.65 50.42 53.05 67.55 72.85 
2421 (30.15 & 1.42 [90.0 65.65 50.42, 56.57 73.9 79.35 
9 2417 22.87 1.95 101.0 75.55 50.43 60.9 83.8 90.15 
10 2457 16.7 3.05 115.5 93.0 50.45 67.6 9.15 108.5 
101 12800 98 1.10 806 68.9 49.1 
7 102 7740 169 0.90 75.2 58.1 49.1 
hea 103 1876 596 0.70 68.0 47.3 45.5 
‘a 154,400 21.1 7.52 5.27 138 59.2 73.4 
6-1 7665 32.6 1.55 93.2 65.85 50.76 
6-2 4837 43.1 0.93 80.6 57.2 50.76 
6-3 6250 38.4 | 84.250 6242 80.768 
6-5 7685 32.1 1.98 102.05 79.17 50.76 
i 6-6 5800 40.4 149 (98.55 50.76 
6-7 4750 44.1 1.30 90.95 68.6 60.76 
6-8 6070 41.9 140 92.15 70.0 50.76 
4-1 6870 1.275 1.15 82.3 64.4 50.55 61.1 
4-2 7018 69.1 50.55 68.6 
6800 22.1 0.719 2.04 2102.3 77.7 79.5 
- 7133 «17.4 (0.588 2.87) 87.5 50.55 93.8 
36.9 19 | 2.16 106.3 873 71.9 | 88.3 
7 5760 46.0 1.255 1.57 95.6 80.8 70.2 82.5 
3898 67.3 1.26: 1.32 88.9 77.7 71.6 79.0 
6865 24.9 0.810 1.79 97.9 71.4 50.55 75.6 
4542 38.0 0.816 1.12 81.9 2.8 50.55 63.35 
418 3221 54.5 0.829 0.80 72.7 58.1 50.36 55.5 
3182 82.3 1.239 66.6 54.5 50.86 
7200 «19.6 0.668 2.48 108 82.7 50.55 85.15 
7050 «19.9 0.663. 2.88 114.1 69.7 50.55 62.41 
‘ 
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2 18 CONDENSER TESTS 


Deg. 


charge Water, 
Water, Deg. Fahr. 
Difference, Deg. 

to Diameter in In. 


Fahr. 
B.t.u. Per Sq. Ft. Per 
Deg., Difference Per 


Temperature of Dis- 
Temperature Rise of 
Mean Temperature 
Ratio Length in Ft. 


Double condenser of 307 sq. ft. surface. 
Tubes 0.59 in. inside diameter in upper and 
0.51 in. inside diameter in lower shell. 620 
tubes. Length of water passage 13.93 ft. 


Surface 1883 sq. ft., size of tubes not reported. 


Condenser of 959 sq. ft. surface. In tests 


1-3 the tube contained spirals. Tests 5-8 
had plain tubes. 


Double condenser. Total surface 962 sq. 
ft. 688 tubes 708 in. inside diameter, 787 in. 
outside diameter, } in. in each section. 
Area water pass 0.948q. ft. Total length water 
pass 15.08 ft. 


TABLE 13a TESTS 1 TO 10 
WATER VELOCITIES, FT. PER SEC. 


Upfer Upper Tubes 5.52 3.705 2.60 2.035 5.72 
Center (Cross) Tubes. 2.54 1.71 1.194 0.94 2.63 1. 
Lower Tubes i 2.424 1.70 | 1.33 | 3.74 2.13 1. ‘ 0. 973 0. 723 
Lower Condenser 2.04 1.43 1.12 3.15 1.79 0.815 0.605 


S 
| 71.23 20.84 19.60 23.6t 710 1.0613 
81.15 30.73 20.50 23.6 673 1.4974 
94.1 43.73 23.3 23.6 590 1.8779 : 
105.7 55.3 25.7 23.6 531 2.1494 
62.37 11.97 23.1 23.6 359 0.5 7 _ 
71.2 20.8 19.3 23.6 425 1.0 - 
77.9 27.48 16.9 23.6 485 1.6 
84.4 33.98 17.38 23.6 464 1.9559 
95.8 45.37 19.95 23.6 408 2.2742 
111.7 61.25 15.95 23.6 512 3.8396 
59.9 10.8 25.8 280 0.4187 
55.4 6.3 22.75 194 0.277 ee 
47.3 1.8 21.5 0.0839 
$103.5 44.3 48.3 490 0.9163 7 
83.70 32.94 22.0 388 1.497 a 
75.4 24.66 14.1 378 1.748 ca 
78.4 27.66 15.85 435 1.746 2 
82.6 31.86 32.8 950 0.9708 
7685 42590 42765 0.940 
75.15 24.39 26.15 203 0.9322 ” 
75.7 24.94 27.0 243° 0.9243 a 
77.8 27.25 13.95 21.3 553 1.953 
88.3 37.75 16.1 488 2.344 
98.8 48.09 17.89 431 2.689 
110.1 50.55 21.5 395 2.766 
100.9 29.0 12.7 630 2.2 Py 
93.1 22.2 9.59 640 2.3 a 
87.4 15.8 6.46 668 2.4 ; ; 
93.9 43.35 17.53 443 2.470 a 
79.15 28.6 11.75 441 2.434 ‘7 
69.95 19.59 9.36 379 2.094 7 
63.35 12.99 8.07 441 1.609 
104.6 54.05 19.11 418 2.827 a 
104.9 54.35 28.1 283 1.933 7 
104.9 54.35 35.4 
at 


Illinois, September 27, 1909. 


| g 
2. 
“A 
8. 2 § 
1 19100 98.4 
2 15800 80.2 
3 14150 
4 12250 
5 10560 58.1 
A 6 8820 55.6 
7 7200 47.6 
8 4860 36.9 
9 3310 28.7 
| 10 1740 19.5 
i 4278.38 
1 19900 62.3 
2 14680 46.5 
3 1767 53.3 
4 12030 40.0 
5 9350 33.2 
6 6970 25.5 
7 3458 16.0 
8 4580 20.4 
9 2141 11.2 
10 1680 9.74 
1 20870 51.5 
2 18400 45.7 
3 13570 34.9 
Cc 4 6280 18.3 
5 4910 15.2 
3720 12.7 
7 2550 9.47 
1 20320 38.6 
2 16630 33.7 
3 12300 27.0 
4 9530 22.2 
5 5000 14.2 
2680 8.60 


in 
sec. 


Velocity of Water 
Tube, Ft. Per 


Condenser, Lb. Per 


Absolute Pressure in 
Sq. In. 


Temperature of Steam, 
Deg. Fahr. 


330.0 
330.2 
330.2 
330.2 


Temperature of Inlet 
Water, Deg. Fahr. 


57.67 
57.67 
58.28 
58.17 
58.50 
58.89 


Deg. 


charge Water, 


Temperature of Dits- 
Fahr. 


118.05 
129.7 
154.35 


TABLE 14 HEAT TRANSMISSION TESTS * 


Temperature Rise of 
Water, Deg. Fahr. 


| 
= 


62.10 
102.61 
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l 
6 FT. 7} IN. LONG INSIDE CONDENSERT, zz 5.27, S = 2.14 sq, Fr. 


MADE ON TUBE OF SHELBY COLD DRAWN STEEL, 1.253 IN. OUTSIDE DIAMETER, 0.985 1N. INSIDE DIAMETER, 


0.0658 
0.0824 
0.0915 
1027 
0.1142 
0.1221 
0.1424 
0.1890 
0 

0 

1 


—) 


2493 
3934 
4481 


0.0724 
0.0962 
0.0816 
0.1133 
0.1354 
0.1757 
0.3185 
0.2398 
0.4947 
0.6114 


0.0770 
0.0862 
0.1142 
0.2199 
0.2715 
0.3345 
0.4806 


0.0872 
0.1018 
0.1284 
0.1579 
0.2586 
0.4762 


Mean Temperature Dif- 
ference, Deg. Fahr. 


B.t.u. 


*Tests made by J. K. Clement and C. M. Garland and published tn Bulletin 40 of the University o 


1The condenser was a specially designed apparatus for experimental work at the Engineering Expert 
ment Station of the University of Illinois. 


Per Sq. Ft. Per 


! 


terence 


£ thr., Per Dif- 
Per Hour 


Deg 


~ 


6.07 14.38 210.9 56.92 66.75 9 9.0 587 
3.299 14.38 210.9 58.20 70.25 12 6.3 608 
1.93 14.38 210.9 58.55 71.90 | 13 6.0 605 
: 0.33 14.38 210.9 58.63 73.20) 14 1.9 588 
8.90 14.38 210.9 58.20 74.82 | 16 5.0 565 
7.43 14.38 210.9 57.89 75.28) 17 2.5 50 
6.07 14.38 210.9 58.20 78.52 20 26 48 
4.11 14.38 210.9 5829 84.49 26 86 43 
: 2.80 14.38 210.9 58.37 92.00 33 50 385 
_s 1.48 14.38 210.9 58.91 108.4 49 6.0 319 
0.37 14.38 210.9 60.10 175.5 118 9.8 239 
16.78 44.49 273.6 58.55 73.35 14 45 673 
a 12.37 45.08 274.4 58.32 78.12 19 60 658 
14.89 44.56 273.7 58.15 75.45 17 20 673 
10.15 44.71, 273.9 57.90 80.94 23 3.0 438 
7.89 44.85 274.1 58.03 85.83 23 5.0 
oS 5.88 44.85 274.1 58.10 9288 31 8.0 572 
2.94 44.85 274.1 62.87 120.46 5; 1.0 514 
3.80 45.15 274.5 63.28 108.5 4! 8.5 514 
1.84 45.15 2745 63.73 145.9 8 6.0 404 
7 1.45 45.08 274.4 67.55 162.2 9 5.0 480 
2 
. 17.64 74.15 306.6 67.54 85.00 1 7.0 730 
15.50 74.15 306.6 67.54 87.19 8.0 
11.43 74.05 306.5 67.54 9: 5.0 725 
5.33 74.37 306.8 58.73 10 3.0 645 
4.17 74.59 307.0 58.89 8.0 622 
3.17 74.59 3070 5 10.0 582 
2.19 75.03 307.4. § 7.0 
17.13 103.7 3 0.50 2 32.0 830 
14.05 103.4 3 3.68 | 2 8.0 790 
: 10.39 103.4 0.92 38 4.0 740 
8.06 52.0 702 
4.25 1 10.0 604 
2.31 1 150 50 
» 
=) 
‘ 


APPENDIX No, 


REVIEW OF RESULTS OBTAINED BY DIFFERENT 
EXPERIMENTERS 


ference Per Hour 


43 The apparatus used in these tests consisted of a steam boiler, with a 
l-in. pipe leading to a vertical condenser tube enclosed by a water pipe of 
slightly greater diameter. The steam was condensed in passing downward 
through the condenser tube, and the water of condensation ran out the bottom, 
where it was collected and weighed in a suitable tank. The cooling water was 


49 brought into the water jacket at either top or bottom and taken from the other 
43¢ ' end to another tank to be weighed. Thus, either counter-flow or parallel-flow 
oo was obtained, the cooling water passing through the annular space around the 
an condenser tube while the steam passed on the inside of the tube. Suitable 


thermometers and mercury columns were provided to determine the tempera- 
873 ture and pressure of the steam, the head on the circulating water, temperature 
yo rise of the water and the mean temperature difference. 
yee 44 The tubes used were of various sizes, thicknesses and materials and the 
50} water pipe also varied in size. For some tests helical channels were provided 
572 for the water by winding wire on the inner tube, giving the circulating water a 
= whirling motion. The length of the tests varied from twenty minutes to an 
hour. 
480 
750 
a 45 The following is a summary of his principal conclusions: 
843 a The pressure in the vacuous space is sensibly equal in all parts. 
622 b In the arrangement in which the steam is introduced intoa tube 
i 8 whilst the refrigerating water is transmitted along a concentric space 
= between the steam tube and a larger tube in which it is placed, it is 
30 ’ a matter of indifference in which direction the water is transmitted, 
790  henee, 
a c The temperature of the vacuous space is sensibly equal in all parts. 
en d The resistance to conduction is to be attributed almost entirely to 
507 _ the film of water in immediate contact with the outside and inside 


surfaces of the tube and is little influenced by the kind of metal 
of which the tube is composed, or by its thickness in the limits of 


ordinary tubes, or even by the state of its surface as to greasiness or 
oxidation, 
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TRANSMISSION OF HEAT IN SURFACE CONDENSATION 


The narrowing of the steam space by placing a rod in the asta of , 
steam tube does not produce any sensible effect. 

The conductivity increases as the rapidity of the stream of water js 
augmented. In the circumstances of my experiments, the condwc- 
tion was nearly proportional to the cube root of the velocity of the 

water; but at very low velocities it evidently increases more rapiilly 

than according to this law, whilst at very high velocities it increases 
less and less rapidly as it gradually approaches a limit determined |)y 
the resistance of the metal and of the film of water adhering to t}\ 

inside surface of the tube. 


j 


Condenser 


Mercury 


column 


Fie. 12 Joutn’s APPARATUS 
2 
g The conductivity increases so slowly in relation to the height vo! (lie 


head of water, that the limit to the economical increase of the |‘ ter 
is soon attained. 

h By means of a contrivance for the automatical agitation of the pxr!i- 
cles of the refrigerating stream, such as the spirals I have employ 4, 
an improvement in the conductivity for a given head of water is ob- 
tained. 

The total heat of steam above 0 deg. cent. determined by the average 
of 151 experiments, is 644.28 heat units for a pressure of 47.042 \» 


Thermometer 
Boiler | ‘| U , 4 
e 
+ 
| 
| — 
= === Hot well 
| 
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_ EXPERIMENTS ON SURFACE CONDENSATION 


ApsTracr OF A PAPER BY JAMES ALEXANDER Reap BEFORE THE 
VicToRIAN INSTITUTE OF ENGINEERS, DecemBeER 6, 1905 


Engineering, Vol. 81, p. 395 


46 ‘This paper is a sequel to a former paper on Air in Relation to Boiler Feed, 
Engineering, October 7, 1904. 

47 The preliminary experiments were made with closed glass tubes containing 
bromine both with and without air in the vaporspace. The low boiling point, 


)-dex, 


ty 


(t,- 


Water temperature inerement 


100 ‘ 
Vapour temperature -fs-deg. fabr. 


ter temperature 


Ww 


A 0.6 0.5 1.0 0.2 OA 


Air pressure (at 70 deg.) in.of mercury 
1a. 13 VARIATION OF HEAT TRANSMISSION WITH AIR 


deep non-actinie color of the vapor and strong russet red of the condensed films 
mee the processes of diffusion and condensation easy to follow. The final 
4p) sratus consisted of a boiler 3 ft.long,7} in. in diameter,made of No.19 B.w.g. 
ea. nized sheet steel with joints folded, soldered and tarred. The leakage 
sufficient to reduce the mercury gage level in. in 24hours. The 

‘r was heated externally by 60 gas jets each } in. in diameter, 
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1194 TRANSMISSION OF HEAT IN SURFACE CONDENSATION . 

The boiler was provided with glass windows for observation of the interior 
and the standard mercury columns, thermometers, ete. The condensing tubes 
were in two lengths about 3 ft. long, making an effective length of about 6 
ft. The external surface exposed to the vapor was exactly 1 sq. ft., externa! 
diameter of the tubes about § in. thickness 0.018 in., sectional area of the insid 
tube 0.26 sq. in. Tubes were hard drawn brass. 


0.5 
Variat on of observe pe rutec es-f 


t 


Temperature-deg. falir. 


= 


200 


a 
3 
=| 
2 
= 
ber 
2 
a 


Temperature differences (t,- t,)-deg. falr. 


01 2 0.4 0.5 0.6 
Partial pressure of air ( at 70 deg.) in ins. of mereury 


Fig. 14 VARIATION oF Heat TRANSMISSION WITH AIR 


48 Constant-flow apparatus was provided for the condensing water so that 
various quantities from 2} lb. to 20 lb. per min. could be passed through {he 
tube. Apparatus was provided whereby, after the boiler was freed from air, a 
known amount of air at a noted pressure and temperature could be added to the 
contents of the boiler. 


» 
300 0 6 8 WR 18 
| * Tube length 
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49 A series of tests was run to determine the effect of air admixture. 
Air-free steam was condensed at vacua varying from 70 deg. to 140 deg. at 10 
deg. intervals. Air was then added in varying quantities and the process 
repeated. Another set of tests was made in which the condenser was main- 
tained at constant temperature, while air in the mixture was varied at definite 
intervals. In both series the cooling water flowed at the constant rate of 10 


te Vapour 110 deg. 
Ww 
6 0 Initial water 70 deg. 
Lb. per.min, 


nin.-B.t.u,. 

| 


transmission per sq.ft. 


200 +—- 


rmai 


hig. 15 Vartarion OF HEAT TRANSMISSION WITH WATER VELOCITY 


The 


ib. per min. and the cooling surface was 1 sq.ft. From these experiments it 
was determined that with constant flow and surface and air-free steam the 
temperature increment of the cooling water is in a constant ratio to the temper- 
«ure increment of the steam, at least to a first approximation. 

‘0 The presence of air in the condenser, equal in pressure to .', in. of 
icercury will at 90 deg. fahr. reduce thermal transmission about 25 per cent, 
wiile . in. of mereury of air pressure will reduce the thermal transmission 
hy one-half, 

Corollary 1 The rise in water temperature is proportional to the initial 
steam and water differences of temperatures. 
Corollary 2 Each decrement of condenser temperature requires a pro- 
portional increment of cooling surface, provided the tube length is 
constant. 
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51 Experiments were made to determine the law of the rise of temperature 
of the cooling water in the tube, and points were taken | ft. apartinthe 6 ft. 
of length of tube, making seven points in all. The temperatures observed at 
these points under various conditions were plotted and found to lie along an 
exponential curve, the observed points varying no more than 0.4 of one degree 
from the calculated curve. When air was admitted to the steam the curve was 
considerably flatter than with air-free steam. From this it is deduced that 
economy requires the use of relatively short tubes. 

52 Experiments were also made to determine the variation of the heat trans- 
mission with the rate of flow of the cooling water. These experiments did not 
go beyond a water velocity of 2} ft. per sec., but the tubes were small and in 
all cases the water was probably above the critical velocity. With air-free 
steam the transmission at 5, 10 and 15 lb. per min. was in the ratio of- 1 to 1.64 
to 2.10, while with 2.22 in. of air pressure by mercury gage with the same flows 
the ratios were 1 to 1.31 to 1.52. 


AIR PUMPS = 


53 It is stated that if air is present only to the extent of .', in. of mereury 
the ratio of the effective volume of the air pump to boiler feed is 20 to 1. 
The air pump must be separate from the water-removing pump. Air pump 
inlets should be multiplied in number and so situated that the concentrating 
air in the vapor will pursue the course of shortest contact with the cooling sur- 
face; no dead spaces should be possible. 

54 The author’s conclusions are: 

a If high vapor vacua are required air must be excluded. 

b With high vacua climatic conditions are limiting factors and must 
be specially considered. 

ce In the absence of exact knowledge the impossible has been at- 
tempted in design. Only by rational condenser proportion will it 
be possible to push the efficient expansion of steam to those limits 
that recent improvements in motors seem to render easy of attain- 
ment. 


TESTS BY GUSTAV A. HAGEMANN 
_ Proceedings of the Institution of Civil Engineers, Vol. 77, p. 311, 1883 


55 The author refers (page 311) to experiments of Messrs. Easton and Amos 
of London as the only ones published. These were made on a perpendicular iron 
tube ;}; in. thick and 1} in. in diameter, which was enclosed in a larger tube 3 
in. in diameter, containing water. Dry steam of known temperature was led int» 
the inner pipe and the amount of steam condensed and the rise of temperatur 
of water was measured. By means of this apparatus a temperature difference 0! 
69.5 deg. cent. gave a heat transmission of 15.3 units of heat per unit of arcs. 

56 The author used an improved apparatus as follows: A brass tube 0.07*s 
in. thick and 1.93 in. outside diameter and 37 in. long, giving a heating surface 
of 1.56 sq. ft., was fitted steam tight in the center of a strong cast-iron pi}. 
about 6 in. inside diameter, the lower end of the brass tube being connected |v 


4 
a 
a 
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a pipe with a tank which contained acopper steam coil whereby the waterin the 
tank could be raised to any desired temperature. The other end of the tube 
connected to a vessel on ascale. The iron pipe was provided with steam through 
a smaller pipe tapped into it. 


t, + to : 
) = temperature difference, deg. cent. 


ts being steam temperature and ¢, and ¢, water temperature. If A is weight of 


water passing in B minutes, (tj — ¢,) = units of heat transmitted per min. in 
lb., deg. cent. 


2 A t,) 


= units of heat transmitted per sq. ft. 
BS [2t, — (t, — t,) un 1ea ismitted p q 


per deg. cent. per min., where S = internal heating surface. 

57 After afew tests the space between the inner and outer tubes was found to 
be too great giving large variations in the temperature readings; accordingly, 
atube 1.515 in. in outside diamieter, and closed at both ends was placed in the 
heating tubes, thus reducing the space for the water to pass to an annular 

0.1305 in. in width. 


at 


| 


- 
—j 


APPENDIX No. 3 


REFERENCES TO TRANSMISSION OF HEAT THROUGH TUBES 
PARTICULARLY AS APPLIED TO SURFACE CONDENSATION 
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DISCUSSION 


W. D. Ennis. Perhaps the exact variation of the coefficient 
U in relation to the mean temperature difference is a little surprising. 
The figures given in Par. 41 under item e are of particular value 
These rates of transmission are, of course, based on outside tube 
surface. I wish that a little discussion had been included in the 
paper on the question of tube thickness, and two or three other 
practical questions. Take the matter of oxidation. Mr. Orrok lay- 
some stress on oxidation as a determining factor, although Joulk 
regarded it as of slight influence. The question is both technical and 
commercial at this point. We have oxidation on the one hand, and 
the transmissive coefficient on the other, and in addition a large 
number of purely commercial factors. The question of an oil coating 
in reciprocating engine installations would be one of the factors pre- 
sumably taken care of by the cleanliness coefficient c, but for this we 
have no data in the paper. I should like to know what kind of 
tube Mr. Orrok uses in his own practice here in New York with salt 
water for condensing. 

As to the irregularity in individual figures, there is no question 
but that the general laws and the general form of the final equation 
are thoroughly demonstrated by the tests. The families of points 
are clearly defined, but when we take any one curve, such as the 
water velocity curve, we find that these points are rather widel) 
scattered about the curve itself. The curves in Fig. 9 show a little 
more scattering than should be expected in a determination of this 
kind. I believe Mr. Orrok attributes this to air. I cannot see why, 
under these conditions, with a closed cycle and a fairly constant vacuum 
for a given set of tests, the air should vary a great deal. If it does 
vary as much as some of the figures given in Par. 38 appear to indi- 
cate, on what basis or in what way was that amount of variation 
determined, and can it be shown that the variation in air is relate: 
to the variation in individual points over the curve? There seem 
to be evidence of some error on comparing the positions of points 
with the position of the smooth curve. I think the water meter 's 
entirely satisfactory for measuring water velocity, but in usin, 
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the meter as an element in getting at heat measurement, I should 
prefer to have it checked by means of water weights. 

Finally, in the formula bearing on water velocity, U = mV V, which 
is mentioned in various places, I find two interesting things: First, 
Mr. Orrok’s value for the constant m is very nearly the arithmetical 
mean of all the values obtained by all the other observers who take 
l’ as proportional to the square root of V. There should be some 
reason for that. The other determinations I have not had time to 
examine in detail, but we would expect to find something in the manip- 
ulation to account for the variations in one direction in some cases 
and in the other direction in other cases. Again, if we take the 
results in Fig. 6, where conductivity is determined in relation to 
temperature difference, we find the four values of the constant to be 
370, 416, 433 and 410. It would seem as if there should be a better 
agreement with the value 308, directly obtained. 

This is certainly a noteworthy paper. It represents the analysis of 
a problem that is essentially commercial, perhaps, in a most thorough 
and painstaking way. I should like to ask Mr. Orrok how the rate of 
flow in the apparatus compared with that in a modern large surface 
condenser. The paper is very full of detail and I may have over- 
looked the information. 


f 
t Wittram Kent. I would suggest to Mr. Orrok that he supple- 
ment his paper with another one in which he will give formulae to 
. show how many square feet of surface should be put into a condenser 
. to condense 1000 Ib. of steam at the vacua of 27, 28 and 29 in., with 
re initial temperatures of 50, 60 and 70 and with the final temperature 
. of water 5, 10 and 15 deg. below the temperature of the steam. 
y What we need are formulae which designers can use. 
: Ht. H. Supter. Mr. Orrok has called attention to the important 
; intluence of the presence of air in condensers, and in this connection 
he has quoted the paper! of D. B. Morison, who in this and other 
’ papers, has called attention to the fact that it is not only the pres- 
a" ence, but also the location of air which measures its hurtfulness 


\» the efficiency of the condenser. The tendency of air which comes 
( . . 

‘1 ‘hrough leaks is simply to crowd out steam and impair the vacuum. 
‘\'y which is combined with the steam, and carried in with it, how- 


' | he Influence of Air on Vacuum in Surface Condensers, Trans. Inst. Naval 


Arc, vol. 50, 1908, p. 150. 
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ever, is carried directly to the surface of the tubes, since the vacuum 
is formed at the point of condensation and the incoming steam rushes 
directly to the coldest surfaces, carrying with it the contained air. 
Since this air is not condensed, it remains in close contact with the 
tubes, probably in the form of minute bubbles, forming a blanket 
or jacket of non-conducting character, and thus reduces very mate- 
rially the condensing value of the cooling surface of the tubes. Air in 
such a location is more harmful than that which leaks in direetly 
and acts principally by displacement. It has been suggested that 


if the tubes of the condenser were fitted with moving scrapers, similar 
to those used on economizers employed for heating boiler-feed water, 
this non-conducting jacket of air would be scraped off, and the 
efficiency greatly increased. Until something is done to meet this 
condition it seems as if determinations of heat transfer in surface 
condensers are almost certain to be irregular and inconsistent. 


Tuos. C. McBripr. The writer is particularly interested in the 
author’s experience as to the effect of air mixed with the steam, as 
stated in Par. 39, and the fact that this air, apparently from an 
unknown cause, varied in amount so greatly in the apparatus : 
first constructed and connected that the results did not seem to be 
constant enough to have any scientific value. The conditions of these 
first tests were apparently, however, those which we meet in low- 
pressure turbine practice, and it seems to the writer, therefore, that 
they should have a practical value. It is hoped that the author will 
explain more fully the origin of the exhaust steam used in the appara- 
tus as first constructed, and his conclusion as to what might hav: 
been expected from it as revealed by his tests, if used on low-pressure 
turbine work. 

In all tests of the kind conducted by the author, the amount «{ 
air and non-condensable vapors present in the steam must nec: s- 
sarily introduce an element of doubt as to the results, and tl. 
presence of this element of doubt in the author’s mind is shown in 
his statement in Par. 39. The author does not state how he arrived 
at the conclusion that there was not more than } in. of air pressure in 
the steam nor has he commented on any comparison of his statemen! 
with Mr. Smith’s conclusions as stated in Pars. 40, 50 and 53, the latt:r 

stating that if air is present to the extent of 9'5 in. of mercury the ratio 

of effective volume of the air pump to boiler-feed pump is 20 to 1. 

If, as the author states in Par. 39, the partial air pressure in |)'- 
— apparatus approached {in. of mercury, the results obtained cin 


| 


hardly be considered as applying to practical conditions in surface 
condensers. In the writer’s opinion, the heat transfer results ob- 
tained indicate very much less air, this opinion being based on the 
heat transfer results obtained and air condition existing in surface 
condenser plants. Any condenser having as much as j in. of air 
pressure would require a vacuum pump of a size that would be pro- 


ing in surface condensers carrying 26 in. of vacuum, where it is pre- 
sumed that the temperature of the water, steam and air passing to 
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hibitive. As an example, if we assume the condition usually exist- 


the vacuum pump is 110 deg., one volume of air at its individual 
pressure of } in. and temperature of 123 deg., to which the steam 
temperature has been reduced by its presence, will become after 
passing through the condenser at its temperature of 110 deg. and 
individual pressure of 1.4 in. 

0.25 459.9 + 110 = 0.174 vol. 

1.40 459.5 + 123 


Similarly this one volume of steam at its individual pressure of 
3} in. before reaching the condenser has a volume 11,687 times that 


of the corresponding water. The ratio of the effective displacement 
of the air pump and the boiler-feed pump required to handle this 
air will be 


The usual practice of manufacturers for these conditions is an air 
pump ratio of about 13 to 1. 

Similarly, assuming } in. of air pressure in the exhaust steam 
vith 28 in. of vacuum in the steam turbine work and that a separate 
voler and rotative dry vacuum pump are used, assuming also that 
‘1e mixture of air and steam pass from the condenser to the rotative 
“ry vacuum pump at a temperature of 75 deg., one volume of air 

it exists in the exhaust pipe at its individual pressure of 3 in. and 

~ temperature of 97 deg., will have after leaving the condenser an 
idividual pressure of 1.13 in. and a temperature of 75 deg. and 
verefore become 


459.5 + 75 
1.13) «459.5 + 97 


= 9.212 voi. 
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The volume of steam in the exhaust pipe at its individual pressure 
of 12 in. will in its condensation be reduced in volume about 23,875 
times, or the ratio of the effective displacement of the rotative dry 
vacuum pump to the boiler-feed pump must be 


This again is prohibitive representing a vacuum displacement 200 
or 300 times that usually found necessary in steam turbine condenser 
work. 

Accepting Mr. Smith’s statement that the effective displacement 
of the rotative dry vacuum pump must be about 20 times the dis- 
placement of the feed pump, we can calculate the amount of air 
presupposed by this statement to be mixed with the steam on its 
way to the condenser. Using the same assumptions as above for 
28 in. of vacuum, one volume of water in the feed pump becomes 
about 21,500 volumes on its way to the condenser. Twenty volumes 
of air passing from the condenser to the rotative dry vacuum 
pump at its temperature of 75 deg. and individual pressure of 1.15 in. 
would have, when mixed with the steam before condensation, a volume 
of 21,500 and a temperature practically of 101.4 deg. Neglecting the 
slight increase in volume by change of temperature the inches of 


een 
20 = 0.00105 
= ° J Ih, 
21,500 
The relative volumes of the air and steam in the exhaust pipe, if 
separyfed, would therefore be as 0.00105 to 2, or a ratio of 0.00052. 


In other words, Mr. Smith’s conclusions as to the rotative dry vacuum 
pump capacity that should be used involve 5.2 volumes of air mixed 
with 105900 volumes of steam in the pipe leading to the condenser. 
This value corresponds very closely to the values of 4, 6.3 and 4.8 
volumfs of air per 10,000 volumes of exhaust steam stated in Por. 
15 of the writer’s paper, Air Leakage in Steam Condensers!, prv- 
sented before the Society at the Detroit meeting, June 1908. 


Proc. Am. Soc. M.E., June 1908, p. 797. 
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It is for the above reasons that the writer concludes that the air 


nixed with the steam in the author’s apparatus was present in very 
much smaller volumes than the author has supposed. 

It is interesting to note that the author proposes to undertake some 
measurements of dry air pump discharge. The writer does not know 
of any data having been published concerning this feature of con- 
denser work, although Mr. Morison seems to have made a study 


of the subjeet as set forth in the paper which the author has quoted. 

These questions suggest the advisability of the Society’s adopting 
some sort of a standard code or standard method of testing large 
condensers, particularly as refers to the question of the amount of 
air present and the influence of this air on the results obtained, and 
it is believed by the writer that much useful work could be accom- 
plished by the Society in establishing some such code. 


R. M. Nemson. In Par. 25, Mr. Orrok says: “The quantities of 
cooling water were so large that the temperature rise (te—t,) was 
always small, and it was considered that the arithmetical mean of 
the water temperatures and the steam temperature might be used 
without appreciable error in the calculation of the hedt transfer.” 
This assumption may have been quite justified in the experiments in 
question, but I would like to point out for the benefit of future experi- 
menters that the assumption is not necessarily justifiable on the 


ground that the water temperature rise is small. If there is much 
air in the steam admitted to the condenser, the steam temperature 
within the condenser is not constant, but falls as the steam is con- 
densed and consequently the steam-air mixture becomes continually 
richer in air. 

Regarding Mr. Orrok’s conclusions on the effect of water velocity 
on the heat-transfer rate, I do not think that there is any scientific 
reason why the rate of heat transfer should vary as the square root 
of the velocity. I quite agree that for a limited length the curve 
approximately agrees with the formula V = CV V,,, but I am con- 
\ need that this is so only for a limited length. In Fig. 9 it can be 
secon that the lower curve begins to fail towards its upper end at a 
velocity of about 8 ft. per sec. The second curve can be seen to 
il at its lower end. If Mr. Orrok will make further experiments 
on plot eurves toa large scale with a range of water velocities from 
<5 ft. per see. up to 3 ft. per sec., he will find, I am convinced, that 
i square-root curve will agree with the curves of actual results. 
Moreover, if he will plot further curves for data obtained with high 


~ 
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water velocities and large amounts of air, and other curves again for 
data obtained with high water velocities and dirty tubes, he wil! 
find that U will vary approximately and for a limited range with a 
power of the velocity whose index is clearly much less than 0.5. 

Mr. Orrok’s conclusion that the rate of heat transmission is inde- 
pendent of the velocity of the steam among the tubes of a surfac: 
condenser, is not, I think, generally correct although it may be nearly 
correct when the steam is airless. When air is present in the steam 
steam velocity has an influence. It may quite reasonably be that 
high steam velocity tangential to (as opposed to normal to) the tuly 
surface assists in sweeping away the air which will naturally tend, 
owing to the condensation of the steam, to collect in the vicinity of 
the tube surface. 

As it is desirable that the same symbols should as far as possible 
be used by different parties, I would suggest that k be used univers- 
ally as the heat transmission coefficient instead of Uo used by Mr. 
Orrok. In Europe k has come into general use and it cannot now 
very well be replaced by another letter. 

As regards Hagemann’s tests referred to by Mr. Orrok, it may he 
well to point out that there appears to be a serious mistake in the 
second diagram in Hagemann’s paper which causes it to be mislead- 
ing. In this diagram all the curves are made to pass through the 
intersections of the principal coérdinates, whereas there appears to 
be no ground either scientific or experimental, for such an assumption, 

Most of the points treated by Mr. Orrok are also dealt with in the 
paper! which I read before the Institution of Engineers and Ship- 
builders in Seotland and in the discussion which followed the reading 
of the paper. I think that those interested in the subjeet of surface 
condensation would find it of advantage to read the discussion which 
followed the reading of this paper. 


Tue Autuor. The subject of condensers and condensation lias 
interested me for many years, and I have looked at it both from thie 
practical standpoint in the transaction of my ordinary engineering 
work and also somewhat from the theoretical side. Ten years ago, 
while working on the design of what was at that time one of tle 
largest condensers then contemplated, I tried to find out what other 
people knew about condensers and see whether there was any liler- 
ture extant which told anything about it. 


1 The Design of Surface Condensers by R. M. Neilson, Trans. Inst. 
neers and Shipbuilders in Scotland, February 1910. 


I greatly regret that it has been impossible for me to get the electric 
couples for attachment to the condenser tube to determine the rise 
in temperature of the condensing water. To do this as it should be ; 
done, a tube of at least 12 ft. to 16 ft. in length would be required 
with an electric couple every foot. Then we could search out and 
determine what that law actually is, and | believe it will be found 


to be the same in all cases. All of the experiments L have seen or 

heard of and those we have made ourselves indicate this result. 
One or two members have written me regarding some of the mathe- 

matics, and apparently are troubled by the distinction I have drawn 


£ 


between NV, the total heat transmitted, and U, the coefficient of heat 
transmission. lL think after they study the tables a little this diffi- 
culty will disappear. I had to make some such supposition or dis- 


tinetion, or | could not have gone ahead with the mathematical dis- 
CUSSION. 

In answer to Professor Ennis’s question, | think we kept within 
the condenser limits, that is, [ went as high as LO or 11 ft. per see., 
and went down as low a L ft. per see.; that is, all of the experiments 
are within the condensing range. We did run one set of experiments 
at 4 in. or 5 in. of vacuum, and sueceeded in condensing 220 Ib. of 


steam per sq. ft. of surface, and [ think that is double what has — 
been done before, but so far as the conditions are concerned, they 
are within condenser practice. 

Professor Ennis speaks about the thickness of the tube. Most of. 


the tubes which we tested were of the same thickness, IS gage; [ 
had some 16 and some 20. I[ could not determine any difference | 
between 16, 18 and 20-gage tubes. In fact, my own idea is that I- 
do not think I could have detected much difference between 14 and ] 
20, and perhaps even larger. I think we never used a tube up to the — 
limit of its capacity. 

Regarding the oxidation problem, I suppose we tested 15 or 20° 
tubes in various stages of oxidation. The two lower curves in Fig. 
’ represent a new Admiralty tube, that is, the one that (7 = 308, 
and the one below, at 224, an old Admiralty tube that had been 
xidized. IT would not like to state how much it was oxidized. I 


im not at all ready to state that that law is exactly the square root— 
' might be the cube or some other fractional power. It is in that 
neighborhood. If one were to plot every heat transmission experi- 
ment and then try to draw a mean through the center of these points, 
one would probably get somewhere within 0.05 on either side of the 
one-half, that is, it would go from 0.45 to 0.55 for the exponent. 


=o 
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Professor Ennis thinks my variation there is quite large. 1  ac- 
knowledge it is large, but it is less than we were able to get in any 
other way, and I hope some day to make it smaller yet, but at present 
do not see my way to doit. I have no doubt that by means of th 
galvanized iron boiler sealed up, using the boiler as a condenser and 
knowing absolutely that he had no air in it, Professor Smith’s results, 
if we had them, would be better than mine. Evidently he did not 
publish his data, that is, not in the detail necessary for such caleula- 
tion, and all we can take are his curves. 

Mr. McBride wishes to know where our exhaust steam came from 


This is the exhaust steam from blower engines and such auxiliaries 
turned into a large main running the length of the station, and dis- 
charging into open heaters. The chances for air are large, and | 
have no doubt there was air. Why do I say } in. of partial pressure 
at the worst? That is an estimate. I tried thermometers and 
pressure gages and almost every other means at my disposal to tel! 
how much air I had, and while I could be sure of it for one minute, 
I could not be certain of it for more. I found by reading Professor 
Smith’s paper that he had exactly the same condition, and worked 
six months to get the galvanized iron tank tight, and after he soldered 
the edges and tarred them, he found the soldered tank would not hold 
tight and the air would get in. In our ease the so-called boiler was 
made of a couple of 14-in. 200-lb. steel tees. I have no doubt air 
“ame through the pores of that steel at a greater or less degree at 
that vacuum. As to the pipe that I used for the condenser and 
the connections, I have no doubt that this leaked air under vacuum 
conditions. I had two 1-in. air lines running to a big dry vacuum 
pump and a condenser and I was pretty certain of the flow of steam 
through the pipe, so that there was a continual current parallel wit! 
the tube to sweep that air out of the condenser, and even then I think 
Thad air. We tried to find whether there was any variation of tem- 
perature within that 5-in. tube that was the shell of the condenser. 
We put thermometers in it and raised them up and down and put 


them close to the tube and close to the edges, and at three points 
along the length, and we could not find any difference in tempers- 
ture any larger than about one-tenth of a degree. Now I have foun! 
very much greater differences on a big condenser, but I think in the 
tube space, where the steam is, you can nearly always find practi- 
cally the same temperature. 

I hope that somebody will find some other tests. I am pretty 
certain there are others than those I have read, and I would like t» 
know of them if any one finds them. LL 


| 
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Regarding the discussion by R. M. Neilson, his point that the use 
of the arithmetical mean of the water and steam temperatures could 
not be used without appreciable error in other cases, is justified. 
In this particular case, the differences were so small as to make 
practically no difference in the plot; I have had them reealeulated 
to be certain about. it. 

Ilis point regarding the rate of heat transfer varying with the 
water velocity has been amply covered in the discussion. There 
are certainly three ranges to this curve, the first up to about L ft. or 


13 ft. per see., where in some cases, the water would be below its 
critical velocity and the curve would be much steeper; the main case, 


where the slope is approximately the square root; the third ease, 
above 7 ft. or 8 ft. per sec., where the curve flattens out rather more 
than it should to fill the square-root law. IT am not at all certain 
that it will ever be possible to find a law which will be true for all 
conditions, but within the limits of practical designing the square- 
root law seems to be close enough. 

Professor Kent has asked me to furnish the mathematics for the 
derivation of all of the formulae given in Tables 1-14. The following 
will, I think, be sufficient for this purpose. In order to show the 
relations of the total heat transmitted, the coefficient of the heat 
transmission and the mean temperature difference in a little better 
shape, I have had the diagrams (Fig. 16) drawn which will tend to 
give a better understanding of the mathematics involved. 


Let NV be the total heat transmitted per square foot of surface and U the 
coefficient of heat transmission, then NV = (/@ where 6 = temperature dif- 
ference. When U is constant throughout the surface of the condenser, @ will 
be the true mean ordinate of the curve of temperature rise. When U is not con- 
stant but varies according to some law, 4 will not be the true mean ordinate, 
but will be greater than the mean ordinate when U is larger proportionately 
at the beginning of the water flow and smaller when U is proportionately larger 
at the end of the water travel. U must beamean value for the whole condenser, 
since it must be assumed in designing. @ can always be calculated when the 
law of the variation of U is known. 

Let Q be the weight of the circulating water per hour, (/;—/)) the rise in 
‘ei perature in passing through the condenser and S the total surface in square 
feet. Then 


Q (tito) Q — te) 
= N = U@and S = 


Now the law of temperature rise in the tube is not known. Two sets of tests 
to determine this law have been made and apparently this law is ) = a con- 
stant, or U 

9° 
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No numbers have been given, however, and U may vary within narrow 
limits. From my own tests based on values of U and @ I find the relation 


K 
U = —. This, however, is not nearly so good as to measure the rise of the 


pr 


\ 
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water temperature directly as did Smith and Josse and the values of @ were 
the arithmetical mean and not the logarithmic mean, although this for stal! 
__ temperature ranges should make little difference. 


6 
Now suppose U to vary as— or U = a’ then N is equal to P 
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The rate of temperature rise in the water is 


and ds = — = 
=» em © wif 


Now integrating between the limits ft) and t we get 


When n is taken as O the above integration fails and the equation takes the 
-logarithmie form 


ts to 
S = 2 loge ; (See Case 2) 


s—h 


SU 
Substituting we get 


n (ty — to) rs 
(ts to) n_ (ts ty) 


When n = O this equation becomes indeterminate and the logarithmic form 


hh 


must be used, 
When n = 1 the formula for @ is indeterminate since U@=K for all values of 
nd the values of @ must be determined arithmetically 
lhe relations of the three coérdinate values S, U and @ may best be shown 
!y the four solids in Fig. 16. A is for theease where n = 1. In this case U@ 
onstant, the temperature rise is a straight line and U increases inversely as 
temperature difference according to the hyperbolic law becoming infinity 
ven the cooling water is heated to the steam temperature. B is the case 
ren = 0. In this case U is constant, the curve of temperature rise fol- 


-s the logarithmie law and Ué@ = N decreases for each added increment of 
~vace. @ is the mean ordinate of the temperature rise curve. C is the case 
ceren = — 1. Inthis case both curves are asymptotic to the horizontal 


-or axis of surface. D is the case where n = § and best represents the 
‘periments. 


| 
Now 
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In all cases the volume of the solid represents the total heat transmitted o: 
Q (t:—t) and the area at any section parallel to the plane of the 
is the heat transmitted at that portion of the surface. 

For purposes of design, as U 


U and @ axes 


must be taken as the average of all the U's 
throughout the condenser, the mean temperature difference is really the tem 
perature difference at the location of the mean section U@ 


DETERMINATION OF FORMULAE FOR VALUES OF U, S AND #@ FOR. 


VARIOUS ASSUMED VALUES OF N 


: = Cooling surface, sq. ft. 
= U@ = Total heat transfer per 
. ft. per hour, B.t.u. 


Circulating water per hour, lb 

Constant determined by experi- 
ment 

Temperature of steam 

Temperature of circulating water 
at inlet 


= Heat transfer per sq. ft. per 
hour per deg. m.t.d. 


Temperature of circulating water 

at outlet 
4m = m.t.d. = mean temperature 


Any temperature between f, : 
difference 


CasE 1: taken from curve. 6 = 


Formula for S. Total amount of heat tr: anamitte 1 = the surface area Shp 
transfer per sq. ft. per hour per deg. mean temperature difference 
mean temperature difference 


= 


2 
In this case ‘tiny 


— t)] 


Case 2: Assume that U is constant for all temperature differences 


U (ts 
Then also Ms = rate of 


° ig rate of rise in temperature of water, 


Ss 


rise in temperature of water. 


y 

2 

| 

4 
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CLOSURE 


log. (ts —t) +C, U=K 


When s = 0 t= t 
Q Q Q 
0= > loge (ts to) + 8 = loge (ts — t) + = loge (ts — to) 
K 0 K £ K 
C = — loge (t, — to) Ss =— loge 
K te—t 7 
When s=S t= 
= ft. ti 
S = log, - 
\ — 
t - lo (t ty : 
K ts ty ts ty 
dt 
Case 3: = rate of rise in temperature of water 


de Ve 


= rate of rise in temperature of wat ar, dsU0 = t. 
ds Q ‘ er, dsU Qd 


| K (ts 


Q t 
K | (ts — dt 
{= ly 


Q (ty to) 


| (tg — — (ts — 


ty — to 


| 
_ 
= 
an K Q 
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6 = (ty to) 
to) ® — (ty — 


[(ts — to)® — (ts — ty") 


to) 


gran = 
[(ts — — (ts — 


Taking | root of each side 
— nh 


= 6= n (ty — to) 
[ (ts — — (ts — ty)" 


I wish to give credit to Charles A. Howard, Jun.Am.Soc.M.E., to 
H. R. Calloway, and particularly to P. E. Reynolds, now engineer of 
tests at the New York Edison Company, for their assistance in the 
preparation of this paper. Mr. Reynolds should also be credited 
with the working up of the three co6rdinate diagrams in the closure. 
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COMBUSTION AND BOILER EFFICIENCY 


THE IMPORTANCE OF CARBON DIOXIDE AS AN INDEX TO COM. 
BUSTION AND, IN CONNECTION WITH FLUE-GAS 
TEMPERATURE, TO BOILER EFFICIENCY =_ 


By Epw. A. Urguina, Passaic, N. J. 


Member of the Society 


It is now fully recognized by all progressive and observing engi- 
neers and managers of power houses that there is more room for econ- 
omy in the boiler house than in any other part of the plant. It is 
therefore not due so much to lack of recognition of the fact that there 

is still from 5% to 25% of the available energy of the coal needlessly 
wasted that this waste continues to an appalling degree, as to the 
inherent difficulty in regulating combustion so that the loss may be - 
reduced to a minimum. 

2 A steam engine correctly designed, properly constructed, 
accurately adjusted and adapted to the work to be performed will 
give maximum economy. The attendant can do little or nothing 
either to increase or to decrease its efficiency. This is true also, 
and perhaps even to a greater degree, of the steam turbine and the - 7 
dynamo. Certain definitely fixed and automatic adjustments hav- ' 
ing been found to give maximum economy, the efficiency will con- 
tinue so long as these adjustments are maintained. An occasional 
economy test is all that is required to maintain maximum efficiency. 

3 The efficiency of the steam generator depends on far more 
complex conditions, many of which are not only beyond control 
but are continually changing. Some of them are: First, atmospheric 
conditions, i.e., the barometric pressure, humidity of the atmo- 
sphere, direction and velocity of the wind, all of which affect com- 
bustion. Second, the quality of the fuel, which at best is never quite 
uniform, even when similar in kind, and often varies greatly in its con- 
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tent of moisture, fixed carbon, volatile combustible matter, oxygen, 
_ash, etc.; also its physical condition, unless specially prepared, may 
_ and often Coes vary from large lumps to fine powder. Third, the con- 
dition of the boiler as to setting, dirty heating surface, air infiltration, 
draft, ete. The grates become choked with slate and clinker, obstruct- 
ing the air passage and causing irregular flow, resulting in a deficienc 
in one place and an excess in another. Every one of these variables 
affects the efficiency of the boiler furnace. Fourth, the required out- 
put, which varies in some plants between very wide limits, not 
infrequently from 50° overload to 50% below normal capacity in 
_ short intervals of time. 

4 From the foregoing it becomes quite evident that steam- 
boiler economy is a complex problem, and no matter how well a 
boiler may be designed and how perfectly constructed, it cannot be 

 pmenely adjusted to operate with maximum efficiency under 
_ the varying conditions which obtain, even under the most favorable 
circumstances. Permanent adjustments of a steam boiler cannot 
be made, as in a steam engine, to obtain maximum efficiency. 

5 The heat energy carried off by the flue gas in general boiler- 

. room practice is rarely as low as 15% and not infrequently reaches 


-_ 40% of the calorific value of the fuel burned under the boiler. 


6 This loss is made up of two distinct factors, the sensible heat of 
: the flue gas and the potential heat of the combustible constitutents 
7 it contains. The former varies directly as the stack temperature 
and inversely as the percentage of CO.. The latter is independent 
of the stack temperature, but for any given percentage of com- 
Bs bustible constitutents in the flue gas the loss also varies inversely 
a as the percentage of CO.. The only heat loss that is independent 
of the percentage of CO, in the flue gas is that due to the mois- 
ture contained in the fuel, but it is dependent on the stack tempera- 
ture. The percentage of CO, and the stack temperature are, there- 
fore, the two controlling factors. 

: 7 For any given boiler and setting driven at a given rate the tem- 
- perature of the flue gas depends on the condition of the heating sur- 
face and on the amount of air infiltration. When the heating sur- 
face becomes dirty, either inside or outside, or both, the stack tem- 
perature will be correspondingly higher, other conditions being the 
same. Air infiltration lowers the stack temperature in proportion 
to its ratio to the actual products of combustion. We have, there- 
fore, two conflicting conditions that influence the stack temperature. 
by = Because of dirty heating surface, it should be above normal, but air 
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infiltration may actually bring it below normal, so that the stack 
temperature alone cannot be depended upon as an index either to 
economical or wasteful operation, especially since it gives no clue to 
the efficiency of the furnace. 

8 When excessive air infiltration takes place, it becomes manifest 
at once by an abnormally low percentage of CO2, so that a knowl- 
edge of thelatter is necessary to understand the true significance of the 
former. Hence, it is evident that to produce maximum economy, 
or even good average results, some means should be provided to 
indicate to the attendant continuously what his fires are doing. 

9 Provided the boiler is properly designed and set and is otherwise 
in proper condition, i.e., clean inside and out, its economy depends 
entirely on the regulation of the furnace. This again depends upon 
the regularity of fuel and air supply in the correct proportion and 
through the proper channels. Since the composition of the products 
of combustion gives immediate evidence of the furnace operation, 
it follows that in the analysis of the flue gases lies the key to the 
attainment of maximum efficiency, and the most progressive engineers 
and managers of power plants have employed gis analysis in a more 
or less thorough manner as a means for obtaining increased boiler 
house economy. 

10 Since the excess of oxygen is necessary for complete com- 
bustion, it is held by some combustion experts that O is a better 
index to the efficiency of combustion and boiler economy than 

11 A study of the diagrams (Figs. 1 to 4) and the analyses 
from which they are plotted, may lead to the conclusion that the 
percentage of O might answer as well as the percentage of CO», but 
hardly better. When we consider that CO, is very much more readily 
determined than O, and that there are a number of practicable 
: instruments on the market that will autographically record the per- 

centage of COs in the flue gas at short intervals, one of which will 
‘ make a continuous record and at the same time indicate the percent- 


. age of COs at the boiler front, there can be little room for doubt as 
7 to which of the constituents is the better adapted to serve as the 
. index of economical combustion. 

e ‘2 It may be questioned whether a knowledge of the percentage 


of (O, is sufficient for economical firing. Is it not necessary to know 
the pereentage of oxygen (O), carbon monoxid (CO), hydrogen (H) 
an hydrocarbons (C,H,) as well? 
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13 For scientific tests and investigations, complete analyses of 
the products of combustion should always be made, and if in addition 
a heat balance is to be made, it is necessary to determine the weight 
of the coal, the volume or weight of the water, the quality of thestean 
as to entrained moisture and superheat, and the weight of ash and 
the unconsumed carbon it contains. It is evident that such tests 
ean be carried on only by an expert with the necessary scientifi: 
apparatus and the help of competent assistants. They are, there- 
fore, not available for every-day practice. Occasional tests are 
undoubtedly of great value, especially for the purpose of determining 
the most economical percentage of COz for the kind of fuel used and 
the conditions prevailing, but what is needed is a continuously avail- 
able index. For such index the choice can lie only between C), 
and O and, for reasons already given, CO, is much to be preferred. 

14 Figs. 1 to 4 and the analyses which they represent show 
conclusively that under normal conditions of combustion there is a 
very definite relation between the percentage of CO2 and O contained 
in the flue gas. The percentage of O falls almost exactly in the same 
ratio as CO, goes up and vice versa. The analyses also show con- 
clusively that there is no relation between either O or CO, and C\. 
High O and low CO, is no guarantee that CO may not be present, 
nor does it follow that high CO, and-low O means incomplete com- 
bustion. All that we can discern with certainty is that there is a 
tendency toward higher CO as the percentage of CO» goes up. This 
tendency increases very moderately at the lower range of CO, but 
more and more rapidly as the maximum percentage of COs is reached. 
Since the ratio of carbon burned to CO to that burned to CO, equals 

(see Par. 44), it follows that the loss due to carbon 
c 

monoxid for the same percentage of CO varies inversely as the per- 
centage of COs, e.g., 1% of CO in flue gas containing 5% of CO» causes 
as great a loss as 3% of CO associated with 15% of CO,. The same 
holds true of the loss due to all the combustion products with the 
exception of the moisture contained in the fuel. The general con- 
clusion that the chimney heat loss varies inversely as the percentage 
of the COs», in flue gas seems therefore warranted. Modifying 
influences are considered in Pars. 20 to 22. 

15 The sum of the percentages of CO., O and CO contain: in 
flue gas varies with the excess of air, the degree of completene-s 0! 
combustion, the composition of the fuel and the temperature at 
which the gas is analyzed. When combustion is complete anc the 
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fuel consists of carbon only, the sum of CO, and O cannot exceed the 
percentage of oxygen in the air, viz: 21°% (see Par. 38). It will 
always be less than this, because the gas is presumably saturated 
with moisture, at the temperature at which analysis is made, a ount- 
ing to 1.16 and 5.55% respectively at 62 and 92 deg., so that the 
sample contains 4.4 less dry gas in the latter than in the for:rer 
case, causing corresponding difference in sim of the ox: gen con- 
stituents. 
li Effect of Incomplete Combustion. Since every molecule of O 
forms two molecules of CO, the gas from pure carbon can contain 
100 
24.7°% of CO 
+ 79) aire ¢ 
hence te presence of CO increases the sum of the oxygen constit- 
31.7 — 21 
uents by rT = 0.65 of its volume. This effect, howe er, 
will be more than neutralized in normal flue gas by the presence of 
water vapor and hydrocarbons, so that analyses showin: over 21% 
must be looked on with suspicion. 


17 In burning fuel containing any considerable quantity of hy- 
drogen, the sum of CO.+02+CO will always be proportionately less 
than 21°% in normal flue gas, because all the oxygen which combines 
with the hydrogen forms water vapor, which is condensed to the 
point of saturation, while the nitrogen remains as a_ diluent. 
Carbon and hydrogen require respectively 152 and 457 cu. ft. of pure 
air (at 62 deg.) for complete combustion per Ib. (see Par. 38 and 
's). The carbon produces 31.92 cu. ft. of CO,, 120.08°% of nitrogen, 
whereas the hydrogen combustion product consists of 351 cu. ft. 
of nitrogen only in measurable gas. Thus when burning a pure 


fucl in which for example, the hydrogen ratio rai = 0.06, assu ning 


conplete combustion with the theoretically required volune of pure 
; 152 X 21 ‘ 152 X 21 
ur, we get — = 18.41°7 of CO. against - = 
152 + (361 X 0.06) 152 
“1° of CO, from pure carbon, a difference of 2.6%. If the above 
152 X 21 
‘ucls are burned with 59° exvess of air, we get —————_—_ 
152 X 21 
228 
(75 + 13.7) X 21 
228 + 35.4 


12.12°7, COe and = CO, respectively. This CO, 


“ould be accompanied b, =7.15% of Oin the former 
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and sn = 7% of O in the latter case, making the sum of tle 
oxygen components respectively 19.27% and 21%, a difference o/ 
1.73%. There are many modifying conditions which affect the sum 
of the oxygen components of which the temperature at which the 
gas is analyzed is one. Supposing the gas from the hydrocarbon 
fuel to be analyzed saturated at 92 deg., and that from the carbon 
fuel saturated at 62 deg., we would get 19.27 (19.27 X 0.044) 
= 18.32% and 21 — (21 X 0.0116) = 29.76°%, making the difference 
2.44% instead of 1.739% as found for the dry pure gas. 
18 This is an extreme case, but it shows that large variations may 
legitimately occur in the sum of the oxygen components contained in 
combustion products. It also shows that the temperature at which 
gas analyses are made should be taken into consideration. It brings 
out the further fact that the maximum percentage of CO, that may 
_be contained in flue gas decreases as the ratioof carbon to hydrogen 
in the coal increases, from which it becomes evident that the most 
economical percentage of CO. must vary with the kind of fuel. It 
will be several per cent higher with anthracite than with bituminous 
coal, and varies in the latter with the ratio of carbon to available 
hydrogen. 
19 The highest practicable furnace efficiency obtains when the 
greatest possible part of the potential energy contained in the coal 
is converted into sensible heat by combustion. The highest boiler 
efficiency results when a minimum of this heat is carried off by the 
flue gas. The former is realized when combustion is complete, the 
latter when the weight and temperature of the flue gas are a mini- 
mum. Since the weight of flue gas decreases as the percentage of CO) 
increases, high boiler efficiency requires high COs. 

20 On the other hand, when the furnace is run so as to produce a 
maximum percentage of CO, there is danger of reducing its efficiency 
because of incomplete combustion due to a minimum of free oxygen. 
It would seem, therefore, that the highest combined efficiency of 
boiler and furnace would be obtained when the gain due to reduced 
weight of flue gas, i.e., due to anincreased percentage of COx, is balanced 

_by the loss due to incomplete combustion. 
21 The most economical percentage of CO, varies theoretically 


with the ratio of available hydrogen to carbon ( _ ), but in practice 


it is influenced by many modifying conditions. In every case, \0W- 
ever, there is a percentage of CO, which gives best results. Its value 
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as an index, therefore, is not dependent on the kind of fuel used or 
the local conditions existing. 

22 Next to careless or unskilful firing, air infiltration causes the 
greatest loss in the flue gas. Unless especially provided against, it 
is rarely less than 15 to 20% of the volume of the flue gas and not 
infrequently reaches 50% and over when cracks in the settings are 
allowed to exist and warped and badly fitting cleaning doors are 
tolerated. Professor Breckenridge, in his discussion of the boiler 
tests carried on by the Government at St. Louis under his direction, 
estimates the air infiltration at from 25 to 30%, and it would be pre- 
sumptuous to assume that the boilers used for these tests were not 
in at least as good condition as those in the average power plant. 

23 We have shown in Par. 17 that when burning coal in 


which o = 0.06 with 50°% excess of air the flue gas should contain 


12.120, CO, and 7.15% O. It would, therefore, seem reasonable to 
conclude that when burning coal in which the ratio a does not exceed 


0.05, if the CO exceeds 0.2% or at most 0.39% in flue gas containing 
12°) to 14% of CO. and 7% to 5% of O there is something wrong 
with the method of firing, the furnace, the construction, the setting 
or all of them. 

24 In Pars. 15 to 18 an attempt is made to show why the 
sum of the oxygen components contained in flue gas does vary and 
to what extent it may vary legitimately. It was shown that a con- 
siderable variation may be due to a variation in the temperature at 
which the gas is analyzed, that the presence of CO augments the sum 
of the oxygen components by 0.65 of its value, and that the presence 
of Hy in the fuel reduces this sum very materially. It follows, then, 
that for similar fuel the higher percentage of CO should coincide 
with the higher sum of the oxygen components. 


DIAGRAMMATIC REPRESENTATION OF ANALYSES 


25 The diagrams, Figs. 1 to 4, were plotted from the averages 
of over L000 separate analyses. These analyses were classified, first, 
according to their source, and secondly, according to the sum of 
their oxygen components. Tables were arranged, first, with refer- 
enc: to the per cent of CO, and, secondly, with reference to the 
pe’ cent of O contained in the gas. Space does not permit includ- 
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ing these tables: it must therefore suffice to say that the diagram. 
were plotted from the averages of each group varying 0.10% of CO, 
and O respectively. The straight lines represent the theoretica! 
amounts of CO, and O which the combustion products would contain 
if pure carbon were burned with pure air. The analyses were plotted 
with regard to the percentage of CO, and O respectively. The 
CO, was placed in its proper position on the theoretical COs: line for 
the percentages of CO, and then the accompanying percentages of 0 
and CO were plotted on the same ordinate in the position called for 
by their value. In the same manner the O was placed on the theoret- 
ical oxygen line and the CO: and CO were plotted according to their 
values on the same ordinate. To show the values of CO more clearly, 
they are multiplied by five. 

26 Fig. 1 shows that the percentage of O diminishes as the C0, 
increases, and vice versa, the percentage of CQO: increases as thie 
O becomes less. It will be noted that both the O and COz lines 
converge toward the theoretical line as the CO, diminishes, which is 
as it should be if the analyses are correct, because when the CQ, is 
zero, the percent of O must be that of the air, viz., 219%. The amount 
of divergence from the theoretical line towards zero O depends 


on the value of “ in the fuel. 


27 Considering the great variety of fuels represented by the Govy- 
ernment analyses, it is remarkable with what uniformity the COQ, and 
_O vary in accordance with what should be expected from theoretical 
considerations. The extension of the diagram is plotted from 
analysis of flue gas obtained from a government locomotive boiler test. 
From this we may be justified in concluding that the relation of 
~ CO, to O shown in Fig. 1 holds true for all ordinary conditions of sim- 
ple combustion. It therefore follows that if we know the percentage 
of CO; contained in the products of combustion we may infer from 
it with a practical degree of approximation the accompanying per- 
centage of O, and vice versa. 
28 That no such reliable relation exists between the CO and 
either of the former has already been stated. That this should be 
so becomes quite evident when we consider that the relation between 
CO, and O depends on a natural law, whereas the percentage of CO 
in a large degree depends on caprice. 
29 The CO line in Fig. 1 illustrates the irregularity of this com- 
ponent. It was stated at the outset that the tendency toward 4 
higher percentage of CO in flue gas becomes increasingly greater a8 
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the percentage of CO, goes up; but the diagram shows a maximum of 
over 0.4% of CO with CO, between 10% and 11%, whereas with CO, 
between 11% and 14% the CO does not average above 0.2%. This 
apparent anomaly is explained by the fact that Government analyses 
include from 20 to 30% of infiltrated air and that the real combustion 
products contained about 25% more CO; and 25% less O than the 
analyses show. In reality, therefore, the high CO readings occurred 
with CO, from 12.5 to 13.75%. This would place the high CO in 
its proper relation to CO:, but the contrast as compared with the 
CO found in the flue gas of the locomotive test still remains and is 
evidence of uneconomical firing. 
30 Passing to Fig. 2 we notice the same characteristics as in Fig. 
1, viz., the O line follows a trend which should meet the theoretical 
— O line at 21% when CO, reaches zero, and the CO, follows a trend 
which would meet the zero point of the theoretical CO, line when O 
reaches 21%. The CO is irregular and has a moderate tendency 
_ towards higher values as the CO, reaches the higher values. With 
the exception of the few analyses previously discussed, this diagram 
_ shows very good combustion. 

31 Fig. 3 corroborates what has already been said about the 
analyses from which it was plotted. The CO line is irregular and 
high, and only slightly higher with CO, above 11% than below. 
- Both the CO, and the O line show that the analyses are deficient in 
the O components, nor does the trend of the O line converge toward 
the theoretical line as it should. The correctness of the analyses 
must, therefore, stand questioned, and other than showing this fact, 
‘little value can be attached to the diagrams in Fig. .3. 

32 The suspicion as to the correctness of the analyses is strength- 
ened to an even greater extent by a study of Fig. 4. The analyses 

appear to be particularly faulty with the higher CO, and the corre- 
_spondingly lowerOcontent. The high and erratic CO line shows that 
(ve firing must have been irregular and bad. But reliable conclusions 
cannot be drawn from this diagram except that at least a large 
oumber of the analyses cannot be considered reliable. 


CALCULATION OF HEAT CARRIED OFF BY THE FLUE GAS 


‘3 In Appendix No. 1 an attempt has been made to formulate 
— equations by which the heat and heat energy carried off by the 

’ gas can readily be calculated for all kinds of fuel, provided we 
’.ve a correct analysis of the fuel burned and the flue gas produced. 


| 
6 
= 


1228 _ COMBUSTION AND BOILER EFFICIENCY 


CONCLUSIONS 


34 We must conclude from these calculations that the percentage 
of CO, and the stack temperature are the two controlling factors in 
the production of furnace and boiler efficiency. In view of the fact 
that both of these components are so easily determined and that 
apparatus is in existence which will continuously indicate and record 
them, it is lamentable that more general use is not made of these 
indexes. 

35 There is today no valid reason why scientific methods should 
not prevail in securing fuel, as well as in consuming it, especially 
for power purposes, nor is there any reason why consumers of large 
quantities of coal should be ignorant of its ultimate, as well as its 
proximate composition. 

36 It is not generally feasible, nor is it at all necessary, in order to 
obtain the most economical results, that calculations be based on the 
ultimate analysis of the coal, but a full analysis of the flue gas should 
form part of the daily routine. Inasmuch, however, as the most 
economical percentage of CO, varies considerably with the kind of 
fuel used, and also to some extent with the method of firing, hand or 
mechanical, the kind of stoker and rate of driving, it becomes very 
desirable, if not absolutely necessary, -to make a series of tests in 
which all the essential elements are determined. 

37 Having established the most economical value of COs, this 
component of the flue gas will serve as a correct guide to the fireman. 
An automatic record, preferably a continuous one, for the engineer is 
of the greatest value. If, in addition, the stack temperature is 
indicated for the fireman and recorded for the engineer in charge 
there should be little difficulty in getting maximum efficiency. 
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APPENDIX No. 1 
CALCULATION OF HEAT CARRIED OFF BY THE FLUE GAS 


NOTATION . 


weight of air consumed in burning a weight of fuel containing 1 lb. 
of carbon 
theoretical weight of air required to burn 1 lb. of carbon 
theoretical weight of air required to burn 1 lb. of hydrogen 7 
= weight of air in excess of that theoretically required to burn a weight | 
of fuel containing 1 Ib. of carbon 
weight of fixed carbon per lb. of fuel 
weight of volatile combustible per lb. of fuel 


— ratio of volatile combustible to fixed carbon in fuel 
c 


n = ratio of the volatile combustible to the total carbonin — 
liquid or gaseous fuel 
H — _ # weight of available hydrogen in fuel per |b. of carbon 


weight of oxygen in fuel per lb. of carbon 


0 + : = weight of water of hydration in fuel per lb. of carbon 


weight of water (moisture) in fuel per lb. of carbon - 
= percentage of moisture contained in air 
= percentage of CO: contained in flue gas 
percentage of CO contained in flue gas 
= percentage of volatile combustible contained in flue gas, i.e., H anc 
CxHy 
percentage of excess of air 
- B.t.u. loss due to sensible heat in flue gas per lb. of carbon in fuel 
when burned with dry air 
B.t.u. loss due to fuel value of CO in flue gas per lb. of carboninfuel 
when burned with dry air 7 
B.t.u. loss due to fuel value of (H + CxHy)in flue gas perlb.ofcarbon _ ry 
in fuel when burned with dry air 
= B.t.u. loss due to moisture in air per lb. of carbon ] ‘ 
= B.t.u. loss due to moisture in fuel per lb. of carbon m4 ; 
- B.t.u. loss due to hydrated moisture in fuel 
B.t.u. loss due to all of the above losses per |b. of carbon in fuel burned © 
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T = temperature of flue gas on leaving boiler _ 
¢ = temperature of air in boiler house 
S = specific heat of dry flue gas : 
Sw = specific heat of water vapor Ade 
Pure air contains : by volume 

Oxygen (03) 21% 

Nitrogen (N2) 79% 

Weights (lb.) per cu. ft. Specific Heats (S) 

at 62 deg.fahr. 
Specific heat (Sy) of = 0.48 
Atomic weight of H = |] 


Atomic weight of C =12 
Atomic weight of O =16 
she 


COMPLETE COMBUSTION WITH THEORETICAL AMOUNT OF AIR 
a 

38 One pound of carbon theoretically requires 11.6 lb. or 152 cu. ft. of air 
for complete combustion, forming 12.6 lb. of combustion product. Accord- 
ing to Avogadro’s law a molecule of CO; occupies the same space as a mole- 
cule of Oz, hence the combustion product consists of 21° CO2 and 79°) N» 
by volume. Thus, when burning carbon with its theoretically required volume 
of air P = 21%, whichis the maximum amount obtainable, and the heat carried 
off by the combustion products will be the minimum, viz: (Ae + 1) 1) 8. 


Since A, = 11.6 per lb. of carbon we have 


Substituting the value of S and reducing ,we have 


COMPLETE COMBUSTION OF CARBON WITH AN EXCESS OF AIR 


39 When carbon is burned with an excess of air (Ag), which by volume: 
equals, cu. ft., then 
Pp = 21 X 152 
6 152 + > 
21: 11.6 


from which we get Ap = - —11.6. The total weight of air, A=Ag+ 


— 
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40 Substituting the values of A, and Ag», we have 
21 11.6 


Substituting the values for A and S and reducing to the lowest terms we have | 


56 
L’ = (02s +5 ) (2) 


11 The percentage of excess of air for carbon will be 


Substituting the values of Aand A, and reducing, we have & > air, 
2100 


COMBUSTION OF CARBON vane 


42 If combustion is incomplete, i.e. if some of the carbon passes off with 
the combustion product as CO, a loss of potential heat energy takes place. 
Since a pound of carbon burned to CO develops only 4350 B.t.u. instead of ’ 
14.500 when burned to CO, we have a loss of 14,500 — 4350 = 10,150 B.t.u. 
for every pound of carbon which passes off as CO. 

43. The burning of carbon to CO requires only one-half the weight of air 
required for CO2; the presence of CO in the flue gas must, therefore, tend to 
make the value of A, too great; but since P, is always relatively very small, 
the presence of CO will not appreciably affect the value of L. 


LOSS DUE TO CO IN FLUE GAS degen 


INCOMPLETE 


14 When the percentage of CO (P,) is known, the heat loss due to its pres- 
enee (Le) is easily determined. The weight of carbon in a molecule of CO is — 
‘he same as in a molecule of CO, and it follows from Avogadro’s law that the 
weight of carbon burned to CO is to that burned to CO, as the per cent of CO- 
's to the per cent of CO, contained in the combustion product. Thus, letting | 


Y = the weight of carbon burned to CO, we have - = : from which we 
get X = p ae = carbon burned to CO per unit of carbon contained in the ; 


uel. Sinee CO burned to CO, per unit of carbon develops 10,150 B.t.u., we 


P+ 


iry air, we have 


P. 
ave Le = 10,150 - . For the total loss when dry carbon is burned - 
c 
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Substituting the values of L’ and Le, we have 


56 P. 
Ly = { 0.23 x (T-t 10,150 
‘ ( +5) (T 1) + 10,150, (3| 
EFFECT OF MOISTURE IN FUEL AND AIR 


45 Thus far we have considered both fuel and air to be dry, a condition 
which never exists in practice. The humidity in the air may vary from a frac- 
tion of one per cent to several per cent and commercial fuel is never dry 
Coke orcharcoal, as well as mineral coal, may contain 10% or more of moisture 

46 Atmospheric moisture exerts a chilling effect on the fire because of its 
high specific heat and because at least part of it will be decomposed. But 
since under normal conditions the hydrogen which was set free by decomposi- 
tion will reunite with the oxygen from the air in the combustion chamber and 
will evolve as much heat there as was absorbed in the fuel bed in setting it 
free, there results no heat loss due to this double reaction. It will be neces- 
sary, therefore, to consider only the sensible heat carried off by moisture 
contained in the air, hence 


te Ps) 
ty = (are x (T- 1) 


Substituting the values of A and Sy and reducing to lowest terms, we have 


ATP 
* x (T —12) 


47 Moisture in fuel (Wy) exists in the form of water, which must first be 
heated to 212 deg. and then evaporated, the vapor passing off at the tem- 
perature of the flue gas. Since the latent heat of evaporation is 966 B.t.u. 
and the specific heat of water vapor is 0.48, we have 

Lm = (212 — t + 966) Wy + (T — 212) 0.48 Wy, = (1076 + 0.487) W,, 
Hence, when burning wet fuel with natural air, we get for the total loss 


Substituting values and reducing to lowest terms, we get 
Pa) X (P=), 10,150 Pe 
P 
» 
+ 0.23 (T —t) +1076 —t + (0.48 T) M............. 


CALCULATION OF HEAT LOST IN THE FLUE GAS WHEN HYDROGEN 
FORMS AN APPRECIABLE PART OF THE FUEL 


48 In the chemical reaction which constitutes the combustion of hydro- 


gen, 8 lb. of oxygen and 1 lb. of hydrogen unite to form 9 lb. of water vapor. 


1232 
— 
ta 
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This requires 34.8 |b. or 457 cu. ft. of air and results in 35.78 lb. of combustion 
product. In commercial flue-gas analysis no account is taken of the mois- 
ture, hence nitrogen only is determined in the combustion product from hydro- 
gen. The burning of 1 lb. of hydrogen with the theoretically required volume 
of air therefore results in 361 cu. ft. of nitrogen. 

19 If the fuel consists of carbon and hydrogen and is burned with the 


152 C X 21 
152 C + 361 Hy, 
11.6 X 21 
11.6 + 26.7 Hy 


theoretically required air, we have P = Placing C = 1 and 


reducing volume to weight, P = If there is excess air, we have 


11.6 X 21 


P= 11.6 + 26.7 He + Ae’ from which we get 
11.6 X 21 
Ae = 11.6 — 26.7. Hy 


11.6 X 21 
P 
LY” = (A+) X (T —t)S+9H, (T —t) Sw 


Substituting for A, Ae, S and Sw their values and reducing to lowest terms we 
have 


A = Ae + An + Ae = + 8.1 Ha 


56 
LY! = (0.23 +7, + 6.2 Ha) X (T 


50 This formula will give correct results for anhydrous fuel containing 
hydrogen when burned with dry air, assuming complete combustion. When 
burning pure carbon fuel (coke or charcoal), CO is the only fuel constituent 
contained in the combustion product, but as soon as the fuel contains an 
appreciable amount of volatile combustible, both hydrogen and hydrocar- 
bons may appear in the fuel gas. The loss equation when burning dry hydro- 
carbon fuel with natural air becomes 


Ly = L” + Ly + Le + Lyo 


the last term of this equation will increase in importance with the volatile 
combustible (Ve) in the fuel. It will be zero with coke and charcoal, insig- 
nificant with anthracite, it may approach the value of L- in bituminous, and 
|| probably equal or even surpass it in liquid and gaseous hydrocarbon fuels. 
‘| Because of the difficulty encountered in determining the percentage of 

| vad CyHy in flue gas, little or nothing is known as to their quantitive rela- 
to CO, and CO. It may be assumed, however, with a considerable degree 

© certainty that if a fuel is burned to such a degree of completeness that no 
‘: ssurable amount of CO is found in the flue gas, Hand CyHy will also be 
eut. It would even seem probable, and therefore reasonable to assume, at 
‘>t until the contrary has been demonstrated, that in the combustion of any 
' ‘cocarbon fuel the absence of CO may be considered as evidence of com- 
| ‘© combustion. But whea CO is present in the flue gas from hydrocarbon 
fucl, Hand CxHy constitutents must also be suspected and should be included 


| 
| 
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in any formula which pretends to express the total loss of heat and fue! 
through the chimney, even though it is not practicable to determine thes: 
constituents in the daily flue-gas analyses. 

52 It is reasonable to suppose that the tendency for H and CyHy to be 
associated with CO when combustion is incomplete will increase with the vola- 
tile combustible (V_.) contained in the fuel. We may, therefore, assume that 
the percentage of H and CxHy in the flue gas is to the CO as the percentage 
of volatile combustible in the coal is to the fixed carbon. Representing the 


P 
latter ratio by R, we have R = ad from which we get Pye = 


c 
53 For liquid and gaseous fuels containing little or no fixed carbon we wil! 
probably not be far wrong if we assume this ratio to be equal to the ratio of 
the hydrogen and hydrocarbon combustibles to the total carbon content of 
the fuel, i.e., 


C Pe 

Hence 


Pye = 


54 Then if we let the heat value of the hydrogen and hydrocarbon combus- 
tibles in the flue gas equal that of CO, volume for volume, we have 


Lye = 10,150 PR 


Substituting the values previously 
terms, we have 


determined and reducing to lowest 


7 
1, LIT Pa) X 10,150 (Pe + Pol’) 
P P + Pe 


+55 There are no experimental data at hand to prove ordisprove the substan - 
tial correctness of the above relation. All that can be said in its favor is that 
it would appear reasonable that such a relation exists between the CO and the 
other combustible constituents contained in flue gas. Equation [5] repre- 
sents the total heat loss up the stack when burning liquid or gaseous fuel free 
from moisture. 


56 All mineral coals contain water in two forms: moisture (Wm), i.e. 
water which can be driven off by drying at about 212 deg.; and water of hydra- 
tion (Wy), which passes off at much higher temperatures with the volatil« 
combustible matter, the estimation of which is ordinarily but wrongly include! 
in the latter. True moisture (Wm) has already been considered. 

57 If we know the weight of oxygen contained in the coal, the water ' 


hydration is determined by the equation W, = O + g? llb. of oxygen com - 


= 


— 
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bines with ¢ lb. of hydrogen and forms ¢ lb. of water. We therefore have 
Ly =1.125 X O X (T — t) Sw = 0.54 X O X (T — 12) 
The total sensible and potential heat carried off by the flue gas from bituminous 
coal therefore becomes 
Lt = [” + Ly + Le + Lye + Lm + Lh 

Substituting and arranging terms, we have 

(56 + 1.17 Pa) X (T 10,150 (Pye + P-R) 
P P+ Pe 

x (T — t) + (1076-0) + 0.487 + Wy, + 0.23...... 


Ly + (0.23 + 0.54 x O) 


From these heat loss equations we see that the loss of heat by way of the chim- 
ney is the sum of a number of distinct components; and that the loss occurs in 
two ways, (a) sensible heat and (6) unconsumed combustible. 

58 When burning carbon fuel the loss component. are 


It ly + Lm 


The values of these components are 


were 
(2) 


(0.23 + 


1.17 Pg 
P 
10,150 Pe 
P+Pe. 
Lm =(1076 — t + 0.48 T) Wy 
When burning mineral coal the loss components are 
= L’ + Ly + Le + + Lm + In 


~The values of these components are 


xX (T — t) 


56 
= (0.23 + x (T-0) 


1.17 Pg 
P 


Pe 
P +P 
10,150 
P+ Pe 
(1076 —¢ +048T)Wm 
Ly = 0.54 X OX (T — 2) 


»! From the values of the components of equation [4a] we see that the loss 
duc to the first three decreases directly as the CO, increases and the loss due 
‘> ‘he first, second and fourth increases directly with the temperature of the 
es ping flue gases. Similarly, we see from the values of the components of 
ey: ation (6a! that the loss decreases as the CO, increases in the first four com- 
— and increases with the flue-gas temperature in the first, second, fifth 
and sixth. 


= 10,150 — 
ies 
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DISCUSSION 


0. H. Barucare'. The paper attacks a broad and important 
subject and is one that deserves careful consideration. Little 
exception can be taken to any of the author’s statements, though 
[ find that several very important factors necessary for conclusions 
have been either omitted or not given their proper value. Referring 
to Par. 3, second condition, a proximate analysis of coal is insuffi- 
cient for the purpose intended. A separate determination of sulphur 
is necessary to associate the quality of coal with efficient steam gen- 
eration. 

Referring to Par. 12, I agree with the author that for daily boiler- 
room practice when the maximum COs is likely to be below 12 or 
13%, the omission of the remaining gas constituents is not serious 
and for the average fireman the simplifying of such matters tends to 
greater efficiency. 

I take exception to the last clause of the second sentence in Par. 13, 
for I believe that a plant where the CQ, is determined either manually 
or automatically, should also provide a means for determining the car- 
bon in the ash. Gas and ash analyses are equally essential to a 
complete knowledge of combustion, for in actual experience I have 
found firemen sacrificing coal to the advantage of a high CO, record. 
This indicates that gas analysis in itself is not necessarily a true index 
of boiler efficiency. 

The last sentence of Par. 22 gives a method which may be followed 
to advantage in checking over large numbers of analyses made under 
approximately similar conditions. 

Referring to Mr. Uehling’s conclusions that CO, and stack temper- 
ature are controlling factors in the production of furnace and boiler 
efficiency, I would suggest that a determination of carbon in the ash 


is also an essential factor. 


1 Foreman’s Assistant, Penna. Tunnel and Terminal R. R. Co., Long Island 
City, N. Y. 
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Boiler-room efficiency can be increased by using a reliable CO, 
‘recording apparatus, but my experience with three different types 
and investigations of as many more has led me to the conclusion that 
there is at present no practical automatic CO, apparatus available 
for continuous boiler-room operation. 


To develop the highest efficiency, | would recommend running a 


single boiler on a continuous test under strictly operating conditions, 


‘noting quantities of steam generated and coal consumed and record- 


ing all conditions entering into the operation. Continuous gas- 


sampling vessels, coal and water meters, steam, water and gas tem- 
perature recorders are instruments whose practicability has been 
proved. With one man looking after these instruments, numerous 
records covering any desired period of time may be obtained. 
The results would determine the conditions necessary to effect the 


highest furnace and boiler efficiency. A CO, indicator and recorder 


would then be useful as an index of comparative operation and 


would be of material value only so long as the quality of coal 


sand other controlling factors remained essentially the same. 


W. D. Ennis. Efficient combustion of fuel is a vital matterin © 
the power plant of today, compared with which such a thing as the , 


steam turbine is a mere detail. From an operating standpoint, such 
efficient combustion is largely a matter of air leakage, as shown by a 
recent test on one of the boilers at the Polytechnic Institute of Brook- 
lyn. By carefully plugging up all the air-holes we could find, while 
inaking no changes in the method of firing, we increased the per- 
centage of CO, in the flue gases from 4 to 11%. I estimate that this 
corresponds to an increase in boiler efficiency in the ratio of 57 to 35. 

There are many reasons, some of which are mentioned by Mr. 
Uchling, for measuring the CO, rather than the oxygen. One of 
these reasons is that at reasonably good combustion efficiency the 
percentage of oxygen is so small as to be difficult to determine. 
Another reason is that stratification in the furnace results in the simul- 
{aneous presence of oxygen and CO and any deduction made from 
ihe presence of one alone would be unsafe. An average sample of 
‘ (), across the furnace, however, represents the facts. Although CO, 
‘ucasurements tell that something is wrong, they do not necessarily 
‘ll what is wrong. This may best be determined by observing the 
oxygen and the CO as well, giving an opportunity to check the results. 
'' we disregard the moisture in the coal and the air, the constant 
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sum of oxygen, CO and CO, will be about equal to the percentag: 
of oxygen in the air by volume. 

I must dissent from the statement that a comparatively low per- 
centage of CO, represents the best economy. This may be techni- 
sally true, but it has been my unvarying experience that in practice 
the percentage of CO, for maximum economy is the highest we can 
get. I believe we can not reach the point where efficiency wil! 
begin to decrease with increasing COs, and have even advocated 
paying the fireman a bonus for getting a high percentage of COs. 
It must be remembered, however, that an increase from 4 to 5° 
means 63 times as much gain as would an increase from 11 to 12°). 

Automatic CO, instruments are satisfactory and reliable, but they 
are very expensive and we have been trying to develop some devices 
to replace them. We find that the sampling pipe gives considerable 
trouble, especially if the coal contains sulphur; when a deposit of 
iron sulphate (?) is formed. This has been remedied by the use 
of copper pipes. One of the claims made for some of the automatic 
machines is that they give a constant indication of the actual con- 
dition, yet in one plant we found the }-in. pipe line to measure 120 
ft. to the nearest boiler and 180 ft. to the farthest. An ingenious 
method for measuring the time required for the gas to travel from 
different boilers to the machine showed it to vary from 5} minutes 
to 6 minutes. In another plant a ?-in. pipe was used to lead the 
gases 130 ft. to the intermittent sampling machine. It took from 
4 minutes to 16} minutes for the gas to reach the machine and 17 
minutes to pass through it. I do not call that a constant indication. 
One of the firemen stated that when the fires were best the machine 
showed the poorest COs. We have not yet given up the notion of 
judging everything we need to know about boiler furnace econoniy 
from the temperatures at the furnace and stack. 

It has been found that the water used in gas-sampling machines 
absorbs CO, very rapidly and the practice of putting salt in the water 
does not decrease this absorption. By using a film of kerosene over 
the surface of the water it is possible to cut down the rate of lo-s 
about one-third and if the analysis is made quickly after taking ‘/ie 
sample there is no loss. Some of the automatic sampling machines 
confine the sample in water for about 24 hours and a determination 
of the CO, under these conditions is far from accurate. 

The ideal CO, recorder must be automatic, not delicate enough (vr 
the firemen to break, must be continuous and not intermittent, mist 
record and indicate its readings, and above all, it must not cost ©\er 


¢ 


$9.25 per b.h.p. Such a machine should be placed in every boiler 
plant in the country. 


WituiAM Kent. We have on the boiler a steam gage to indicate 
the pressure of the steam, a gage glass to show the level of the water, 
‘and we should have additional gages for the temperature of the 
furnace and of the stack, as well as for the percentage of (Oz. in the 
flue gases. 

[ am surprised that Mr. Uehling did not mention in his paper the 
improvement in boiler economy that can be obtained by autographic 
registration of the furnace temperature. Fifteen years ago I em- 
ployed a Uehling pyrometer with a Bristol recorder for this purpose 

and found that when the furnace temperature was in the neighbor- 
hood of 3000 deg., we had good economy, but when it was lower the 
economy was also lower, 

Two other conditions of boiler economy are that the coal should be 
dry, and that it should not clinker and change its condition on the fire. 
These are even more important than any theoretical consideration 
regarding gas or coal analysis. 


Recent literature on the subject of boiler economy places too much 
emphasis on the heating value of coal as determined by a calorimeter. 
Semi-bituminous coals are quite uniform in quality and always con- 


tain between 15,500 and 16,000 B.t.u. per Ib. of combustible material, 
so that if we assumed an average value of 15,750 B.t.u. the maxi- 
mum error is only about 1.5%, which is less than the probable error 
of sampling and of the ordinary calorimetric determination. With 
anthracite coal the heating value per pound of combustible does 
not vary over 1% from an average value of 14,900 B.t.u. and an 
iltimate analysis, or calorimetric determination, is therefore unnec- 
essary. With these coals the important things are the moisture 
ind the ash. With the bituminous coals of Pittsburg and the West 
‘he conditions are different and an analysis should be made to deter- 
nine the volatile matter, and the heating value should either be 
slculated from the ultimate analysis or determined by a calori- 
eter. The most important indexes of boiler economy are a con- 
‘uous autographie record of the temperature of the furnace and 
continuous autographie record of the CO, in the gases. 
| have used the explosion pipette quite frequently, but the results 
re of no value. I doubt the benefit of its use unless it is employed 
connection with a more refined analysis than that made by the 
‘)rsat apparatus. When there is only a fraction of 1% of hydrogen 
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in a gas it is difficult to determine it with any approximation to 
accuracy. 


ae S. Jacosus. There is more to lose and to gain in the boiler 

house of the modern power station than in any other part of the plant, 
and the analysis of the gases is a move in the right direction. I) 
should be remembered, however, that the gas analysis is only one 
of the elements entering the problem. Mr. Uehling has shown that 
the CO, reading is the important item, but it is also important to 
watch carefully for CO. Flue gas with from 125 to 14% COs and 
only a trace of CO is quite a different proposition, from the stand- 
point of efficiency, from a gas with the same amount of COQ» and from 
3 to 13% of CO as the presence of this amount of CO means a con- 
siderable decrease in efficiency. 


H. C. ABELL. One point which has not been brought out forci- 
bly enough is that the hydrocarbons are often not properly burned. 
Fifty per cent air excess will give about 240 cu. ft. of gases as the 
product of combustion. Assuming 15,000 B.t.u. per lb. of coal and 
if only 0.7 of 1% or 14 cu. ft. of CH, is given off unconsumed, there 
will be a 10% loss in thermal efficiency. In some tests which | 
have made, the explosion pipette has been used to follow up the sight 
apparatus, and it has been found that a large percentage of the loss 
unaccounted for was due to unconsumed hydrocarbons. Ordinarily, 
flue-gas analysis should occasionally be checked in this way to in- 
dicate these losses. Oxygen should be used instead of air in the 
explosion pipette. Enough hydrogen should be supplied to make 
sure that ignition will take place, which otherwise might not on 
account of the small percentage of combustible gas. 

A. W. K. Bituines. We should not lose sight of the fact that 

economy in the total cost of operation of the plant is more imports! 
than efficiency of combustion. For example, with certain forms of 
chain grates it is very easy to get high COs, but the maintenance 
expense is thereby increased, and other results occur which often 
offset the saving in fuel. 

The fact that CO» recorders in general are insufficient to bring alot 
in practice the expected economy has become evident in work | 
the tropics where we have to deal with low-grade firemen and ex} 
sive fuel. One cannot fail to be impressed with the facility w' 
which an ignorant fireman can “‘beat’’ a CO, recorder. The | 
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centage of CO, rises to a maximum and then drops if we keep on 
reducing the air supply. When the firemen are not subject to close — 
supervision, they can, by unduly thickening the fuel bed and shutting 
off the draft, shirk their work and force the load on the other firemen. 
This can be done and a high COs, record can still be obtained, but at 
the expense of loss of efficiency and often clinker troubles as well. 
It is especially noticeable also that in many large and important 
plants the CO, recorders installed are used but little in regular opera- 
tion. 

It seems a mistake to confine ourselves to observation of the CO: 
alone in determining the efficiency of a plant. Small fractional 
differences in the air pressures in the furnace and flue passages give 
a more practical means of checking the performances of the firemen. 
In any case it is always necessary to make a practical study of how 
the fires should be handled and how the details of the plant should 
be managed to obtain the best efficiency. After this is determined it 
is immaterial whether we observe the percentage of COQ, or adopt 
other means of watching the work of the fireman. Under conditions 
which preclude other successful methods of determining the efficiency 
of the plant I have tried the plan of observing the ratio of the drop 
in air pressure through the fuel bed and the drop to air pressure in 

_the flue passages by means of a simple mechanical recording device 
and have found that observation of this ratio gives a very practical 


method of watching efficiency, as the apparatus is simple, requires 


no attention and gives instantaneous readings. The object aimed at 
in all cases is a practical means of watching the fire and those instru- 
inents which accomplish this end in the most practical manner will 
he the ones to come into practical use. 


A. Bement. Mr. Uehling’s paper is a valuable contribution to a 
~ubjeet of great economic importance, although it is probable that 
's economic value has been realized only to a very limited extent; 
1 other words, what may be termed a theoretical, rather than a_ 
practical coneeption has prevailed. The CO, determination is an 
idex to furnace conditions and as such should be considered as a 
eryshort formof gasanalysis. Itistheshorthand of gasanalysis, and 
'- with shorthand, the underlying matters are more or less elaborated 
‘ud complicated. With the CO, determination, as with shorthand, 
‘1c must learn its use, but when once learned it not only becomes of — 
‘oe greatest value, but is a necessity in the successful conduct of 
isiness. It is of the utmost importance, therefore, that the engineer 
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learn to make application of the CO, determination, or he will be 
unable to realize the benefit of a knowledge of its indication. The 
great advantage of the CO, determination is that it is the only method 
of gas analysis which may be continually and automatically employed, 
and which, at the same time, is susceptible of being recorded. It 
should also be realized that its practicability and convenience are 
much greater than the disadvantages due to not indicating inecom- 
plete combustion in the form of carbon monoxid and escaping 
hydrocarbons. That this disadvantage may be easily overcome is 


shown by the diagrams in the paper. 

In brief, it may be said that in using the CO, determination in the 
management of fires, it is first desirable to produce uniformity of 
condition. When this has been done the amount of COs» should be 
regulated by an increase or decrease in the air supply, or by a greater 
or less thickness of fuel bed, which has the same effect as increasing 
or decreasing the draft. Also that if a charge of fuel to the furnace 
is followed by a decrease in the COs, it is a positive indication of 
serious loss in incomplete combustion, but if an increase in CQ, 
follows the introduction of a fresh charge of fuel, it shows that the 
air supply has been in excess. 

Mr. Uehling speaks of the most economical point of COs. From 
an academic standpoint the most economical CQ, is the highest there. 
is, the theoretical. It has been found, however, that under some 
conditions when the CO, gets beyond a certain point, which in some 
instances has been as low as 7%, that efficiency declines. So in such 
instances it might appear that 79% COs. is the most economical. 
But this ought not to be true. The explanation is that with 
some forms of imperfectly designed furnaces and with improper 
methods of coal feed the mixture between air supply and combus- 
tion gas and the evolution of volatile matter from the coal are -o 
irregular or are brought about under such unfavorable conditions 
that the incomplete combustion losses are very great, so much <0 
that they overcome the large saving due to decrease in excessive 
air. This is something which may well have serious consideration 
because the matter has not been very clear, there being a feeling t!:t 
for some mysterious and undefined reason, the supposed advant:u0 
due to high CO, is unattainable, when, in fact, the remedy lies in 
correcting the condition of incomplete combustion. 


\ 


O. C. Wootson. I have been greatly interested in studying \:r. 
Uehling’s paper, and I believe that we must learn more fully to ap) \- 


|! 
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ciate refinements in steam making not only by installing CO, re- my 
finements but by a more intelligent appreciation of what the re- 
quirements are to obtain more perfect combustion of th:t particular , 
fuel we are called upon to burn. The vast majority regard coal as 
coal, making no distinction between anthracite and bituminous 
other than to call the former hard and the latter soft, whereas there 4 - 
is both hard and soft coal in each of these classes and, whereas further, } 
anthracite coal is entirely different in character from bituminous. 
To attempt to use a furnace of the same character for both kinds 
is evidence of ignorance and no CQ, apparatus can rectify the 
results obtained. 
What Mr. Uehling says in Pars. 27, 28 and 29 confirms what I 
have long felt, that to secure practical benefit from any CO» recorder _ 
it is necessary not only to have the apparatus properly installed, but 
to have its readings correctly interpreted, taking into account potent 
conditions which might exist, abnormal or otherwise, and which 
would prove a puzzle even to an expert, should he be lacking in a 
keen appreciation of such conditions. Unless some other solution 
can be offered for the many CO, recorders being out of use in dif- — 
ferent power houses, I am forced to the conclusion that we are attempt- 4 | 
ing to establish an apparatus too refined for determining what is : 
required to accomplish the greatest actinic value of our boiler plants, A 
except for expert testing. 
I believe that better results could be obtained by requiring the 
operating engineer to spend more time in the boiler room supervis- 
ing the work of the fireman. Here again comes in the considera- 
tion of the different characters of anthracite versus bituminous. If 
the engineer is only experienced in burning anthracite coal he had 
best keep out of the boiler room till he has studied the bituminous 
element, and vice versa. 


EK. G. Batty. In several places in the paper Mr. Uehling has — 
referred to errors in the analysis of flue gas due to the water vapor 
present in the gas at the time of analysis. In Pars. 15 and 17 
particularly he refers to the temperature at which the analysis is 
ade and the corresponding vapor tension of water as being a factor | 
vhich introduces an error into the analysis. Such a statement is 
very surprising and should not go uncorrected. There is, to be sure, 
‘n error introduced into gas analysis as usually made by an Orsat_ 
v other similar apparatus, if, during the operation of analysis, a 
“hange is made in the temperature or in the relative humidity of | 
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the gas, but in usual practice the gas is collected and measured over 
water so that the relative humidity is 100% and the gas is com- 
pletely saturated with water vapor at that temperature, regardless 
of whether the vapor came from moisture in the coal, the combustion 
of hydrogen, or from the water used in collecting and leveling in 
the analysis apparatus. With higher temperatures a higher vapor 
tension of water naturally follows, and this vapor tension remains 
constant as long as the temperature is unchanged, so that no error 
whatever is introduced from this source. Suppose that the analysis 
of a sample of flue gas was made at a temperature of 115 deg. fahr. 
At this temperature the vapor tension of water is 2.987 in. of mercury, 
or practically one-tenth of standard atmospheric pressure. A sample 
of flue gas leveled up to the zero mark on the measuring burette at 
atmospheric pressure would contain 100°) of gas and water vapor 
combined. Water vapor would occupy practically 10° % of this 
space and the dry gas but 90%. If this gas and water vapor 
were then passed into the potash solution and all the CO, com- 
pletely absorbed and returned to the measuring burette, the reading 
would show a loss of say 10%, which represents the percentage of 
CO, in the flue gas. In reality, only 99% of dry CO. gas would he 
absorbed in this case, while the corresponding proportion of water 
vapor would be condensed and the total absorption would still be 
proportional to the amount of CO, in the dry gas, regardless of the 
amount of water vapor present, so long as the vapor tension did not 
change from the time of one measurement until the other. Nobody 
would contend that correct gas analysis could not be made with baro- 
metric pressure of 27.92 in. of mercury, because the expansion of 
all the different gases contained in the mixture would be proportional. 
The same reasoning holds true if the increase or decrease in pressure 
is due to vapor tension of water in the gas saturated with it, so long 
as the temperature does not change. 

In Pars. 25 to 32 inclusive, Mr. Uehling has discussed Figs. | to 4, 
which have been plotted from numerous individual flue-gas analyses. 
These are useless since there are not sufficient data accompanying 
them from which to draw any useful conclusions. In each of the 
four diagrams, Mr. Uehling has drawn two diagonals at such angles 
that the sum of their ordinates at corresponding horizontal positions 
of each is 21%. One of these is labelled theoretical oxygen, while 
the other is termed theoretical carbon dioxide. I think the word 
theoretical is entirely out of place in this case, and I also think that 
lines so drawn have absolutely no bearing upon the subject, unless 
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Mr. Uehling is attempting to determine the ratio of available hydro- 
gen to the carbon in the fuel used in the various cases; or else, if this 
is known, these lines are so drawn that he could discern with some 
reliability the value of the analyses, many of which he has already 
criticized. 

The points which Mr. Uehling has plotted from the various flue- 
gas analyses are not supposed to fall upon the theoretical lines, 
unless the fuel used were carbon. So long as the fuel used was not 
pure carbon, these lines cease to be theoretical, for so long as there 
is some available hydrogen present in the fuel there is inevitably 
a formation of water vapor which condenses during the usual method 
of analysis, and the nitrogen remains as a dilutent, as stated in Par. 
17. In the case of some kinds of coal, the weight of available hydrogen 
is about 5 to 6% of the total carbon, and varies considerably with 
different kinds of coal. In the case of oil, the available hydrogen is 15 
to 16% of the available hydrogen and carbon combined, while in 
natural gas it varies from 21% nearly to 25%. If Mr. Uehling had 
included some gas analyses from oil and natural gas, he would have 
found very great divergence from the so-called theoretical lines. The 
analyses might actually represent, however, the true theoretical 
relation which should exist between the various constituents of flue 
gas when burning the various kinds of fuel. 

The difference between theory and practice will always continue as 
long as writers incorrectly define the theoretical or do not take into 
consideration all the factors which enter into the correct interpreta- 
tion of practical results. Mr. Uehling’s paper is sadly lacking in any 
data which would go to prove that a definite relation exists between 
the analysis of flue gas and actual boiler efficiency. The methods 
given in Appendix No. 1 are more laborious and indirect than 
necessary to make the calculations for the various losses, and he has 
also failed to take into account the variable specific heats of the gases, 
which seem to be so generally accepted among metallurgical engi- 
neers who have given close attention to the temperature and heat of 


Tue Aurnor. Mr. Bathgate’s remark that a proximate anal- 
ysis of the coal is insufficient to determine its real value is true. It is 
uccessary to know allthe elements of composition if a correct estimate 
©’ combustion is to be made, but in order to arrive at a practical solu- 
‘ion we must not burden our problem with factors, the value of which 
's less than the probable errors of observation. That the carbon con-— 
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tained in the ash is an important factor in boiler economy goes without 
saying; it is very small, however, in comparison with the chimney 
losses, and must be considered by itself. 

Mr. Ennis emphasizes many of the points which I endeavored to 
bring out. His statement that we cannot reach the point where effi- 
ciency will begin to decrease with increasing CO, would imply that 
practically complete combustion can be attained with little or no 
excess of air. The fact that Dr. Jacobus and Mr. Abell, and no 
doubt others, who have not taken part in the discussion of my paper 
strongly dissent from this opinion, shows that more definite informa- 
tion is needed before valid conclusions can be drawn. The opinions 
formed are based on more or less numerous isolated tests in which 
the composition of the flue gas was merely an incident. To get at 
the true facts, it will be necessary to make a series of economy tests, 
in which the CO, is kept as nearly constant as possible in each test, 
and all other conditions as nearly constant as possible for all the tests. 
Such tests should be of not less than 10 hours duration; starting with 
6% COz in the first test, 8% COz in the second, 10% in the 
third, and so on up to 16% or 18% COs if possible. The CO, must 
be automatically and continuously recorded and complete analyses 
made as often as practicable. This series of tests should be made 
with the principal types of coal in general use. Until such tests shall 
have been made, Par. 21 and Par. 23 cover the case probably as well 
as our present knowledge permits. 

Dr. Jacobus’ statement that flue gas with from 12} to 14% Cv» 
and only a trace of CO is quite a different proposition from the stand- 
point of efficiency from a gas with the same amount of CO, and 
from 3 to 13% of CO, is very true; but inasmuch as high CO: does not 
necessarily imply high CO, and since the loss due to CO varies inversely 
with the per cent of CO, (Par. 14), it would follow that a high per cent 
of CO, must be striven for. If considerable amounts of CO in flue 
gas occur with 40% excess of air there is something wrong. 

When burning pure carbon 40% excess air gives 15% of CU, 
whereas with fuel in which the ratio of available hydrogen to carbon 
H, 

The higher the ratio CG’ the lower the maximum per cent of CO, that 
can be safely carried in the flue gas. 

Mr. Kent expresses surprise that I did not mention in my paper tlie 
improvement that can be secured by autographic registration of te 


0.06 if burned with 40% excess air will yield only 18% of CQ». 
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CLOSURE 


While it is undoubtedly true that the furnace 


furnace temperature. 
temperature is a good index to boiler efficiency, it is not available 


for a continuous guide, because there is no pyrometer on the market 
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5 Recorp MADE By THE ComBINED PyroMETER AND CO; 
RECORDER 
it stands up continuously under temperatures reaching 3000 deg. 
d more. The pneumatic pyrometer will do it for a while, but not 
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Furthermore the per cent of COs, in the flue gas is a better index. 
The accompanying diagram (Fig. 5) shows a record made by the com- 
bined Uehling pyrometer and CO, recorder. The upper curve shows 
the temperature just back of the bridge wall, and the lower curve the 
per cent of CO, simultaneously recorded. It will be seen that while 
both tell the same story, the CO, curve tells it with more emphasis 
than the temperature curve. 

Mr. Abell points out the loss due to CH, in flue gas and the diffi- 
culty of determining this element of loss, which difficulty was also 
referred to by Mr. Kent. While this constituent, as well as H and CO, 
should be determined as frequently as possible, their very nature and 
their spasmodic occurrence preclude them from being used as a guide 
to the fireman in obtaining the best results. 

It certainly would be, as Mr. Billings thinks, a mistake to confine 
ourselves to CO, recorders alone in determining the efficiency of « 
plant, and I do not advocate anything of the kind. What I do con- 
tend is that COs, is the best and most available index to combustion 
and in connection with flue gas temperature to boiler efficiency. Low 
CO, and high stack temperature mean waste of heat. Complete com- 
bustion with high CO, and low stack temperature mean economic 
operation. This must be striven for, and to get it many other things 
must be observed and controlled, among which draft is perhaps the 
most important; but this does not detract from the value of a contin- 
uous record of CO, and stack temperature as a guide to boiler effi- 
ciency. 

The fact that there are dishonest firemen, makes autographic 
recording instruments all the more necessary. Every boiler should he 
equipped with a draft recorder, or a differential draft recorder, where 
forced draft is employed. It may require some vigilance to detect 
dishonest firemen, but if the good ones are rewarded and the bad ones 
a, culled out, you will soon have a good staff. 

Mr. Bailey whose criticism of the paper is appreciated, is quite 
right concerning the temperature effect of gas analyses. If the ga- 
is saturated before passing into the absorption chamber, it cannot 
be more than saturated after the CO, has been absorbed and hence tlic 
vapor volume must remain proportional to the volume of the gas re- 
maining. 


His criticism of the diagrams, however, is quite off the mark. They 
bring out clearly very important relations existing between the con- 
stituents of flue gas. They show that there is a definite relation !v- 
tween the O and CQ, and that no such relation exists between CO and 
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either O or CO,. Fig. 1 shows that with dependable analyses, as 
those furnished by the Government tests, both the O and CO. diverge 
from the theoretical line by a definite angle. The degree of divergence 


H 
depends on the value of a as stated in Par. 26. 


Fig. 4 shows that analyses against which good reasons appeared that 
they were faulty do not so converge from the theoretical line. The 
straight lines marked theoretical O and theoretical CO. are true 
theoretical lines for the products of combustion from carbon burned 
to CO, with pure air. To draw a theoretical line for every variation 
of hydrogen would be preposterous, nor would such lines bring out the 
relation between the principal constituents of the flue gas any clearer. 

Mr. Bailey criticizes the formulae as being more laborious and in- 
direct than necessary and in the same breath finds fault because the 
specific heats of the various gases have not been individually taken 
into account, instead of the average as I have done. This is quite 
inconsistent, since such a procedure would complicate the formulae 
very much without adding appreciably to their accuracy. Steam 
is the only constituent whose specific heat varies greatly from the rest 
and that is treated by itself in the formulae. If Mr. Bailey has or 
can develop a simple formula that covers all kinds of fuel, it would 
he welcomed by all concerned. 

From Mr. Bement’s discussion it becomes clear why the installation 
of COs recorders has not always resulted in marked economy. 

\ CO. recorder does no more towards saving coal than a steam 
vauge does towards keeping up the steam pressure. To be of benefit 
all the conditions must be studied. If the CO» is low, the reason for 
it must first be found before the proper remedy can be applied. If 
the cause of low CO, is due to excessive air infiltration, for instance, 
wnd the COs, is inereased by thickening the firebed, the loss due to 
CO and CH, may be greater than the gain due to the higher CO, so 
obtained. The COs reeord gives notice that there is something 
\ ong. It cannot supply the brains for determining the cause and 
«pplying the proper remedy. Without intelligent attention it is of 
no value; with proper attention and care it isa most valuable guide. 


| 
b 
= 
a= 


Gay 


e 
} 
= 


STEAM TURBINE TESTS 


No. 12990 


TEST OF A 10,000-KW. STEAM TURBINE 


| Sam. L. Naputraty, San Francisco, Cat. 


Member of the Society 


The steam turbine has experienced, as is quite universally known, 
the most rapid development of any form of prime mover, and its appli- 
cation has been extensively broadened within the last few years. Re- 
cent proceedings of this Society contain, in the paper on small steam 
turbines by Geo. A. Orrok and on tests of a 15,000-kw. steam- 
engine-turbine unit by Messrs. Stott and Pigott, useful data on small 
units and low-pressure turbine operation, respectively. 

2 It is the intent of this contribution to record the attainment in 
the design and operation of a complete-expansion turbiné of 10,000- 
kw. normal rating, installed in the latter part of 1909 in the main 
power station of the City Electric Company, San Francisco, Cal., 
under the author’s management, and recently tested under the direc- 
tion of J.G. White and Company, consulting engineers. 

3 The object of the test was to determine the general steam con- 
sumption of the turbine unit under everyday operating conditions 
and further to determine whether the builder’s guarantees of economy, 
ccnerator temperature, etc., had been complied with. 

{ The contract with the builder specified a turbine of 10,000-kw. 
normal capacity with an additional overload capacity of 50 per cent 
\hen operating with steam at 175-lb. gage pressure, superheated 
100 deg. fahr. and with 28-in. vacuum, measured in the exhaust 
pipe and referred to a 30-in. barometer. Under the above condi- 
\\ons, operating at 1800 r.p.m., the guaranteed performance was as 
follows: 
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Full load 10,000 kw. 14.3 lb. per kw-hr. 
4 load 5,000 kw. 16.2 lb. per kw-hr. 


1} load 15,000 kw. 45.8 per 


5 The generator was designed for a 60-cycle, 3-phase current, and 
its normal rating is 525 amperes per terminal at 11,000 volts, the 
voltage being maintained constant at all loads by means of a Tirrill 
regulator. The generator is of the enclosed type and is provided 
with a direct-connected exciter, driven from the end of the main gen- 
erator shaft. 

6 The generator was specified to have a temperature rise in any 
part above the temperature of the ingoing cooling air not exceeding 
the following: 

Full-load current, normal voltage, for 24 hr., 40 deg. cent. 

1}-load current, normal voltage, for 24 hr., 50 deg. cent. 

1}-load current, normal voltage, for 24 hr., 60 deg. cent. 

7 The steam turbine is of the double-flow type, containing both 
impulse and reaction elements. The exterior of the unit, as installed 
in the power plant is shown in Fig. 1, while Fig. 2 shows a longi- 
tudinal section of the turbine. 

8 Certam features of construction of the turbine are as follows: 

a Double-flow design, employing a single high-pressure impulse 
wheel centrally located. A division of steam between two 
similar and opposed intermediate and low-pressure reac- 
tion elements, one-half flowing through the annulus sur- 
rounding the high-pressure wheel, shown by arrows in 
Fig. 2. The large capacity and high rotative speed of the 
unit make it possible to utilize the double-flow construc- 
tion, which has many obviously desirable features. In- 
deed, it may be said that for this capacity and rotative 
speed, the double-flow construction is imperative, since 
in a single-flow machine of the same capacity and speed 
the blade lengths in the low-pressure section will be so 
great as to preclude the possibility of sound mechanical 
construction or efficient steam distribution. 

b Symmetry of cylinder structure, resulting from the double- 
flow design, favors the production of the casting with 
least initial strain, and permits of uniform distribution 
of temperature strains. 

c High speed reduces the metal masses, ensuring greater 
nina of casting with a resulting increased factor 
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Of safety, since the same peripheral speeds and centrifu- 
ss gal stresses virtually obtain as in the lower rotative speed 
designs. 

d Turbine cylinder simplified with intermediate stationary 
DF element, cast separately and hence subject to less internal 

thee strains. Provision is made for the ready removal of these 

parts. 

e There are no feet cast on the cylinder for supporting it on the 
ala a bedplate. Instead, there are provided cast-iron chairs, 
’ ——_ two at each end, as seen in Fig. 1. The cylinder is car- 

vied by these chairs in a horizontal plane close to the axis 
of the turbine, the advantage being that with this con- 
struction the alignment of the coupling is less affected by 
temperature changes. The cylinder is free to slide on 
these chairs, permitting unrestrained expansion of the 
parts. In fact the turbine is not secured at any point ex- 
cept where it joins the generator inboard bearing pedes- 
tal, which, however, is rigidly bolted to the plate. 

f The governing apparatus, while containing many improve- 

ments in detail, presents no particularly novel features. 
_-———s There are two governor-controlled inlet valves, each admit- 
a ting steam to a group of nozzles; full load being carried 
on the primary valve alone. Overloads are maintained 
by a group of nozzles operated by the secondary valve. 

9 These main valves and their operating mechanism are shown 
in detail in Fig. 3. They are hydraulically operated, oil under 
pressure being supplied by the oil pump driven by the turbine. 
The entire output of this pump is not necessarily used by the 
governor, the surplus escaping through a spring-loaded valve, 
which, together with that discharged from the valve-operating 
mechanism, furnishes the oil supply for the bearings. The oper- 
ation of the hydraulic gear is, as is seen from Fig. 3, accomplished 
by the familiar relay and floating lever. Hitherto, it has been 
‘usiomary to construct the relay for a mechanism of this char- 

‘er without lap. If it does have lap, either negative or posi- 
ive, the amount of this lap must be traveled before the mechan- 
isi, can respond to the governor. A departure is here made from 

‘vious practice in providing the relay plunger with both inside 

outside laps. The relay is kept oscillating a small amount by 

«ns of a cam connected to the governor linkage, sufficient to 
unc ver slightly the ports at each oscillation, causing a correspond- 
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ingly slight motion of the main operating piston. The effect o/ 
the governor itself on this relay, is, of course, to change its plane 
of motion, and response to the least change in position of the 
governor weights is thus assured. 

10 Thecondenser isof the Wheeler surface dry-tube type, equipped 


_ with primary feed heaters, turbine-driven centrifugal hotwell pump, 


and rotative dry vacuum pump. The condenser is located imme- 
diately below the turbine and is provided with two openings connect- 
ing with the exhaust at each end of the turbine. It contains 25,000 
sq. ft. of l-in. tube, No. 18 gage. A 42-in. cast-iron conduit, located 
so as to be submerged even at extreme low tide, conducts salt water 
direct from the bay of San Francisco to the plant. After being 
pumped through the condensers the salt water is returned to the bay 
through a suitable channel. 

11 The turbine generator is of the builder’s most recent four 
pole construction. The field is of nickel steel and is made up of two 
halves joined end to end by shrink links. Each half is integral with 
its shaft, which renders any hole for the shaft unnecessary and conse- 
quently considerably increases the strength of the revolving field. The 
field winding is done under heavy tension, which results in a very solid 
mechanical construction. Therotor is provided with a series of tur- 
bine fan blades, and the ends of the armature winding are covered 
by stationary end bells which, in addition to protecting the winding, 
serve as means of conducting the cooling air from the air ducts to the 
machine. This air is drawn from the conduits by means of the tur- 
bine blowers through the armature winding and is forced into the air 
gap, whence it passes outward through the armature laminations and 
is discharged into an exhaust air duct. 

12 As this was the first generator of this design constructed, the 
City Electric Company insisted that tests be carried out by the build- 
ers before shipment, which showed an electrical efficiency at } load 
of 92.2 per cent; at full load of 97.6 per cent and at 14 load of 98.2 
per cent. 

13 From the compromise tests which it was possible to make in 
the works, it was figured that the temperature rises at full load, 100 
per cent power factor, would be 28 deg. on the armature laminations 
and 18 deg. on the field, by thermometer, the temperature rises by 
resistance being 22 deg. on the armature winding and 35 deg. on the 
field winding. 

14 The tests by J. G. White and Company confirm these figures, 
their results showing that on a load of 5300 kw. at 89 per cent power 
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factor, that is, 6000 k.v.a., the maximum temperature rise of the arma- 

ture was constant at 27 deg. Ona load of 9300 kw., 89 per cent power 

factor, that is, 10,400 k.v.a., the maximum temperature rise was con- 
stant at 31 deg. These figures are well within the guarantees. 


15 In what follows details are given of, the turbine test made after 
installation, the results being shown by the curves, Fig.4 and Table 1. 
It is unfortunate that the unit had to be maintained carrying the 
station load during the tests. During the high-load tests, it was the 
only unit operating in the station, so that observations had to be 
made under these conditions, with the load variations incidental to 
station operation. In all, seven runs were made, two of which, F and 
G, were at low vacuum for the purpose of establishing the effect of 
variations of vacuum on this machine. In Table 1, both the Rankine 


DETAILS OF TURBINE TEST 7 


TABLE! SUMMARY OF TEST OF 10,000-KW. TURBINE 


CITY ELECTRIC‘CO., SAN FRANCISCO, MARCH 1910 


kw-hr. as 
Cor- 


per kw-hr. 
rected to 175 Ib., 100) 
Deg. Sup., 28-in. Vac 


= 
3 
3 


Steam Pressure, lb. gage 


Duration, hours 
Actual Load, kw. 
Vacuum 30-in, Bar. 


Date 1910 
Rankine Cycle Eff. as 


Superheat, deg. fahr. 
Water per hour, Total, 
Water per 

B.t.u. per kw-hr. 
Thermal Eff., per cent 
Lb. 


28.28 116238 14.581 15378 66. .20 14.11 High Vacuum 
28.18 123542 14.427 15062 J ‘ 13.88 High Vacuum 
28.10 119655 14.596 15414 14.04 High Vacuum 
27.90 133672 14.572 15360 69. .23 13.88 High Vacuum 
28.34 8347815.655 16493 61. .70 15.21 High Vacuum 
26.1612918115.855 16782 69. .35 14.07 Low Vacuum 
26.16 9512017.611 18587 ’ 15.24 Low Vacuum 


Note: The above summary of the entire test varies but } of one per cent from the average of the 
15 minute readings taken during the test. 


cycle and thermal efficiencies have been given in addition to the rate 
of steam consumption in pounds per kilowatt-hour, which is the usual 
inethod of stating the performance of the steam motor. The thermal 
efficiency considers only the heat in the steam from the boiler, and is 
of use only for comparing results with other forms of prime movers, 
such as internal combustion engines. The Rankine cycle efficiency, 
or efficiency ratio as it is sometimes called, is the more equitable meas- 
ure for comparison of steam motors, as it reckons with the work done 
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between the limits of steam leaving the boiler and exhaust entering 
the condenser. Taking the heaviest load carried, run D, the efficiency 
ratio obtained was 69 per cent including generator and field losses, 
which, I believe, is some improvement over results hitherto obtained 
for a complete-expansion turbine. 

16 The performance of a steam turbine follows the Willans right- 
line law over a great range af its capacity, which gives a valuable check 
on the accuracy of the test points and reduces the number of neces- 
sary runs toaminimum. Furthermore, the performance of a turbine 
may be accurately predicted at loads beyond the range at which tests 
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Lb. steam per kw.-hr, 


6000 
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Fig. 5b CHANGE IN Steam ConsuMPTION aT Various LOADS PER 1 IN. 


CHANGE IN VacuuM 


have beenrun. Referring to Fig. 4, it is reasonable to expect that if 
a higher load had been available, the steam consumption would have 
further improved until the opening of the secondary valve. Allowing 
for a 10-lb. drop through the inlet valves, the load would have been 
approximately 11,000 kw., when, as seen by Fig. 4, a steam consun\p- 
tion of Jess than 13.7 Ib. per kw-hr. would have been obtained, with 
an efficiency ratio of 71 per cent. 


17 ‘Iti is veitueniaied that slightly superior efficiency exists with 
the combined engine and turbine unit reported by Mr. Stott at 72 — 
per cent, the engine unit particularly making a remarkable showing. 
On the heat consumption basis, however, the San Francisco unit is 
approximately only 83 per cent in excess of the combined recipro- 
eating and turbine unit, but it is obvious that this advantage in steam 

consumption is offset by the advantage of the simple turbine unit 
without the complication of the reciprocating engine, the latter in- 
volving greater first cost, greater floor space and cost of maintenance ~ 

and necessitates shutting down the unit while the reciprocator is 
being adjusted, or else further complicating the systen by use of 
an auxiliary governor and high-pressure valves on the low-pressure 
turbine. 


18 As mentioned before, it was necessary to test the unit while 
in commercial service; consequently the loads of the turbine during | 
the various tests were subject to variations which probably may have > 


lowered the economy. 


CORRECTIONS 


19 As the operating conditions specified by contract, namely 175- 
lb. gage pressure, 100 deg. superheat, and 28-in. vacuum, could not be 
maintained throughout the test, correction factors had to be deter- 
mined upon, and an agreement was reached previous to the tests as — 
follows: 

Superheat, 1 per cent change in steam consumption for 10 deg. 
in superheat, which is the correction factor commonly | 
employed for turbines. 

Steam Pressure, 4 per cent for 10-lb. change in pressure. (As a 
there was no reason for the full pressure not being main- 
tained, these were, however, insignificant.) 


Vacuum, as the vacuum correction is affected by the 
design of the turbine, the amount of the correction could 
not be determined in advance of the tests, and runs F 
and G therefore were made. From these and from the 
other tests it was found that 1 in. of vacuum affected 
the steam consumption 3 per cent and 6 per cent at full 
load and half load respectively. These vacuum correc- 
tions are shown in Fig. 5a and Fig. 5b. 
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20 Ali important readings were taken at 5-minute intervals, ex- 
cept in cases of energy output and water measurement, for which 15- 
minute integration proved adequate. Figs. 6 to 10 inclusive present 
graphically the principal logs of the tests. They show only small fluc- 
tuations of the pressure and temperature conditions, and consist- 
ent changes in load and steam consumption, insuring reliability of the 
average values. 

21 The electric output of the unit was obtained with a Genera! 
Electric polyphase wattmeter, checked by three single-phase inte- 
grating wattmeters, tested under the supervision of Frank FE. 
Smith, consulting engineer, and Pacific Coast representative of the 
Weston Electrical Instrument Company. Its complementary cur- 
rent and potential transformers were similarly checked with standards. 

22 Steam consumption measurements were made by actually 
weighing the water discharged from the surface condenser ani 
delivered by a 5-in. single-stage centrifugal pump through 6-in. pip- 

ing to a set of four weighing tanks. These tanks were 3} ft. in diam- 
eter and 5 ft. deep. Each tank was on a 2000-lb. platform scale, 
The supply pipes and tanks were furnished with 5-in. quick-opening 
valves. Scales were tested and certified correct by the Howe Scale 
Company of San Francisco. 

23 Tests were made for leakage of the cooling water into the con- 
denser. As sea water is used for cooling, these tests were made hy 
adding silver nitrate to samples of the condensed steam. No indi- 
cations of leakage were found and hence no allowance was made for 
leakage. 

24 The shaft glands were sealed by water taken from the conden- 
ser discharge before weighing and the leakage from outside of the 
glands was caught and measured. In this way no special allowance 
was necessary for gland sealing water. The stuffing boxes of the 
centrifugal hotwell pumps were sealed with water from the discharge. 
A small leakage occurred here, which was caught and added to thc 
leakage from the main unit gland. 

25 All pipes connected with the condenser or piping system, !»y 
which water might escape from the discharge or leak into the discharge 
water, were disconnected, blanked or arranged with two valves with 
an opening between for detecting leakage. 

26 Observations were made of the pressure and temperature of the 
steam at the throttle pressures within the turbine at inlet, interie- 

diate and low pressure points. The vacuum was indicated by a mer- 
cury column and the atmospheric pressure by a mercury barometer. 
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The steam gages were tested on a Crosby dead-weight testing machine. 
The steam gage at the throttle was 1 lb. high at the working 
range of pressure. The steam temperatures were taken with a 15-in., 
600-deg. fahr., nitrogen-filled thermometer, made by Henry Green 
of Brooklyn, N. Y. This thermometer was one of four new ones. 
As there was practical agreement of the four by check before the tests, 
the temperature readings were considered practically correct. The 
thermometer was placed in a thermometer well in the steam pipe 
close to the throttle valve. The thermometer well was partly filled 
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with mereury and the remainder of space with oil. The thermome- 
ter entered the well to the 400-deg. mark. As the steam temperature 
was about 430 deg., the effect of stem exposure was small. One 
degree has been added to the temperature for this correction. 

27 The vacuum gage was a Hohman and Maurer instrument. 
Connections were made with a 2-in. pipe to both exhaust nozzles of 
‘.e turbine. The piping was provided with a valve admitting air to 
hiow back to the condenser any condensation in the pipe. As the 
'-ereury column has a tube of small bore, 0.1 in. or less, allowance 
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was made for capillary depression of the mercury by adding 0.1 in. 
to the average of the readings. 

28 The barometer was compared with the barometer of the office 
of the U. S. Weather Bureau and found to be 0.1 in. low. 

29 The following is a summary of corrections applied to readings 
obta.ned during the steam tests: 
=e Pressure of steam supply Subtract 1 lb. 
= Temperature of steam supply Add 0.1 deg. fahr. | 
fot Vacuum column reading Add 0.1 in. 

Barometer Add 0.1 in. 

30 It would encumber the paper to publish the complete de- 
tailed logs of these tests. The author will, however, be pleased te 
place them at the disposal of any interested members 
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TEST OF A 9000-KW. TURBO-GENERATOR SET 


By F. H. Varney, San Francisco, Cat. 
Member of the Society 


31 For about five years prior to 1908 the City of Oakland had been 
practically dependent for its electrical energy on the water-power 
stations and transmission lines of the Pacific Gas and Electric Com- 
pany, located 125 to 150 miles from Oakland. In the year 1908 
it became evident that this service would necessarily have to be bet- 
tered, not alone for capacity, but also for regulation, and after con- 
siderable preliminary estimating, it was decided on the first day of 
July of that year to endeavor to have a turbo-generator set installed 
and operating in time for the Christmas holidays. Plans and speci- 
fications were immediately prepared and to hurry the work as much 
as possible a heavy bonus and penalty clause was made a part of 
every contract. 

32 The delivery of the turbine seemed to be the one point that 
might cause delay, as boilers, superheaters, steam piping, condenser 
and all auxiliaries were promised on time. The turbine was, however, 
shipped 38 days in advance of promised shipment and the work 
progressed without delay until the unit was started and put into 
regular service on December 18, 1908, thus making 171 days from 
the beginning of the plans and specifications to the successful oper- 
ation of the station. It is interesting also to know that the station, 
including turbo-generator, boilers, steam piping and auxiliaries, build- 
ings, crane and everything necessary for a complete steam plant, 
excepting land, cost $51 per kw. 

33 It was with considerable satisfaction that the turbine was 
started, as this was one of the driest years the water-power station 
had ever experienced and the demand for power greatly exceeded 


that of previous years, 
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34 The turbine was immediately put in parallel with the hydro- 
electric system, which consists of eleven water-power stations, three 
reciprocating-engine stations, and one gas-engine plant. It operated 
perfectly in every particular and soon demonstrated the superiority 
of this class of prime mover over reciprocating steam or gas engines, 
both in regulation and in maintenance. 
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Fig. 11 Loa or Test Data—First Test 


35 The plant is situated on the Oakland estuary, between Grove 
and Jefferson Streets on First Street, distant about one mile from the 
center of Oakland. The estuary is a branch of the San Francisco 
Bay and has an ample supply of clean salt water from which circu- 
lating water for the condenser is drawn. A wharf was built into the 
estuary for the purpose of landing the fuel supply and as the South- 
ern Pacific Railroad tracks adjoin the First Street side of the 
station, the location is considered ideal. 
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36 The apparatus installed consists of a 9000-kw. vertical Curtis 
-turbo-generator (maximum rated), Worthington condenser and 
vacuum pumps, and eight 754-h.p. McNaull water-tube boilers. 
The plant is oil-burning, using what is known as the back-shot burners. 
The boilers are equipped with superheaters for 100 deg. superheat. 
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Fig. 12 Loa or Test Data—First Test 


37 Owing to the urgent need for the plant, the efficiency test was ; 
postponed until the station had been in operation for 14 months. - 
The conditions of the test were as follows: The turbo-generator was 
run on a closely regulated commercial load,which was maintained as : 
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neariy uniform as possible by the load dispatcher. Two runs of 
four hours each were made at loads approximating 7000 kw. and 9000 
kw. The boilers were operated on the usual program, the number 
employed being adapted to the load carried. No attempt was made 
to obtain complete data regarding the economical operationof the 
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38 In view of these conditions, it was decided to provide for th 
measurement of the following items: —_ J 
a Water from turbine 7 
b Total make-up and auxiliary water : 
c Power delivered by generator at switchboard _ 
d Exciter output 


e Pressures and temperatures required to complete and inter- 
pret the above observations. 


_ 39 Measurements of water were made by tank weighings wit! 
standard scales in lots steteate 1800 lb. to 1900 lb. and in accordance 
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with the general methods recommended by the engineering societies 
for such purposes. The power delivered by the generator was mea- 
sured by duplicate installations of integrating wattmeters connected 
in accordance with the three-meter method for three-phase circuits. 
Observations of all electrical readings and of all pres: ures and temper- 
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atures were made at ten-minute intervais. Weighings of water we 
made at intervals as determined by the load. The level of water 
in the feed tank and the condition of the weighing tanks at 

e end of each half-hour period were also noted, thus providing for 
a peerage of the test at any such period. Leakage tests of the con- 
‘nser and of the wet vacuum pump seal were made before and 
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after the test and a mean of the two values was used as the leakage 
correction. 

40 All apparatus and instruments employed were carefully cali- 
brated byreference to absolute standards or to others as near to them 
as possible. The scales empioyed were tested both before and after 
the run by the use of 50-lb. weights loaned for the purpose by the 
Fairbanks Company. All pressure gages were tested by the use of 
a dead-weight testing apparatus. The indications of the mercury 
vacuum gage were accepted as accurate without further test. Th« 
integrating wattmeters were calibrated before and after the run 
All thermometers were compared with standards certified by the 
United States Bureau of Standards. 

41 The general and economic results for each run as a whole 
are given below. Figs. 11 to 14 show the data worked up for ten- 
minute intervals and plotted on atime axis. The actual turbine 
results were reduced to the conditions specified in the contract, by 

means of the following schedule of corrections: ‘ha 


CONTRACT SPECIFICATIONS a: 


175 lb. gage 
125 fabr. 


4 Steam consumption 
Generator — (kw.) Lb. per kw-hr. 


9000 
GORRECTIONS 


1 For each 10 lb. pressure 1 per cent 
2 For each 124 deg. superheat 1 per cent - 


GENERAL AND ECONOMIC RESULTS 


2.10 p.m. 6.00 om. 
to 
10.00 p.m. 
2 Total water with all corrections, lb 650,600 
3 Average load, kw 8,775 
4 Water from turbine as weighed (corrected for 
scales), lb ; 562,579 


: 1 Steam pressure 2 
3 Vacuum.. 


Corrected water from turbine, lb 

Water per kw-hr., lb................ 
8 Temperature of condenser, deg. fahr 

Temperature of condensing water, inflow, deg. 


6 


5 Waterleakage correction, lb 
‘ 


10 Temperature of condensing water, discharge, 
deg. fahr 
11 Rise in temperature of condensing water, deg. 


12 Vacuum in condenser,reduced to 30 in. barometer, 
in. mercury 
13 Exciter output, kw 


FINAL CORRECTED VALUES 
6.00 p.m. to 10.00 p.m. 

Correction for superheat, per cent 

Correction for pressure, per cent 

Correction for superheat and pressure, percent 

Correction for vacuum, lb 


Water rate corrected for vacuum |b 
Waterrate with all corrections, |b 
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DISCUSSION ON STEAM TURBINES 


J. H. Lawrence.! The results given by Mr. Naphtaly in Table 1 
under the heading B.t.u. per kw-hr. vary considerably from those 
which L have calculated, and give the turbine a much lower heat 
consumption than I think it should be credited with. I have tried 
various methods and have used both the old and the new steam tables 
but have not been able to check the figures given in the table. Table 
2 shows the revised results. 


TABLE 2 REVISED SUMMARY OF TESTS ON 10,000-KW. TURBINE 


| 


MARK8 AND Davis TaBLes 


Steam Super- Vacuum, Water Rankine Thermal 
Run Kw Pressure, heat, 30 in. Bar- per Cycle, Efficiency, 

Lb. Gage Deg. Fahr. ometer Kw-hr. Ratio Per cent 
earcknd is 7972 171 58 28.28 14.581 17035 66.8 20.04 
_ Sa ee ; 8563 168 59 28.18 14.427 16830 68.2 20.27 
_ Se 8198 169 60 28.10 14.596 17017 67.6 20.05 
9173 167 59 27.90 14.572 16926 68.9 20.15 
5333 173 28.34 15.655 18274 61.8 18.67 
Saree 8148 167 60 26.16 15. 855 18093 69.5 18.86 
| ; 5401 174 56 26.16 17.611 20075 62.2 16.99 


The heat consumption of a turbine is the difference between the 
heat content of the entering steam and the heat of the liquid in the 
exhaust steam, multiplied by the pounds of steam per kilowatt-hour. 
Accordingly, for run B, with 168 lb. gage pressure, 59 deg. superheat, 
28.15 in. vacuum and 14.427 lb. steam, we get a heat consumption 
of (1232.7-66.1) 14.427 or 16,830 B.t.u. per kw-hr. This result is 
almost 12 per cent higher than that given by Mr. Naphtaly. The 
corresponding thermal efficiency is 20.27 and not 22.65 per cent. 

Mr. Naphtaly’s figures for Rankine cycle ratio check very closely 
wit!) those which I have calculated. 
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_ D.S8.Jacosus. It would be interesting to have the views of some 
gas engine advocates in respect to the B.t.u. consumption obtained 
in the tests as compared with what they would expect under similar 
conditions for a gas-engine plant. The figures would indicate that the 
B.t.u. consumption per kw-hr. is low as was also the case in the tests 
of the oil-burning plant at Redondo, Cal., the results of which have 
already been reported to the Society. In these tests a kilowatt-hour 
was turned out at the switchboard with a consumption of about 25,- 
000 B.t.u., based on the total heat of combustion of the fuel burned, 
all the oil burned for miscellaneous purposes about the plant being 
included, as well as that for carrying the boilers over a 43 hr. lay- 

_ over period. 


Cnas. H. Parker! and I. E. Moutrrop. Referring to Mr. Var- 
~ney’s paper, it is interesting to learn that the steam turbine has oper- 
ated satisfactorily when compared with a large number of water power 
‘stations and its service has been more satisfactory in regulation and 
maintenance than that obtained from either steam engines or eas en- 
gines. The engineers of the Pacific Gas and Electric Company are 
to be congratulated on the speed with which a 9000-kw. steam gener- 
ating station was completely built and also on the very low cost of 
this station per kilowatt of capacity. If Mr. Varney will state briefly 
in his closure how this very low cost was obtained it will add much 
interest to his paper. 
- The author states that the test showed the water rate of the turbine 
to be inside the manufacturer’s guarantee, but it would seem that the 
~ actual performance was not especially creditable to a modern ( urtis 
turbine of 9000-kw. maximum capacity. Of course, the vacuum dur- 
ing the test was not especially good and with injection water of 51 
deg. to 52 deg. fahr., it should be possible to reduce the absolute 
_back-pressure reported in the test by about 1 in., which would 
_ improve very much the water rate of the turbine. 

The superheat of 70 deg. to 75 deg. on the maximum load t=! 1s 
also rather low for the best results. Experience has proved that 150 
deg. fahr. of superheat is safe for superheaters and piping ani ‘lis 
increased quantity would better the water rate some 6 per cent. 

Either or both of these changes might have increased the invest) vent 
by a small amount. However, a gain of about 1? Ib. in the water 
rate per kw-hr. would seem to be easily obtainable and would j-'\'y 


1 Boston Edison Co. 
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a considerable investment charge. It is not usual for a maximum- 
load test to show better results than a normal-load test. The General 
Electric Company guarantee usually calls for about 3-lb. poorer water 
rate at maximum than at normal load. 

Mr. Naphtaly has contributed some very valuable data upon the 
Westinghouse double-flow turbine, a type of machine about which 
very little information has been published. The unit is large, having 
a normal rating of 10,000 kw. and an overload capacity of 50 per 
cent. As the rise of temperature on the generator is only 60 deg. 
cent. after a 24-hours’ run at 14 load, this unit might well be given a 
rating of 15,000 kw. continuous capacity. It seems from the test that 
this unit is very efficient, especially at the low superheat and com- 
paratively poor vacuum used during this test. 

The vacuum correction curve is very instructive, as it shows a very 
small gain from an increase of vacuum, thereby differing widely from 
an impulse turbine. The shape of the vacuum correction curve would 
indicate that the effect of increased vacuum at overloads would be 
very slight. 

It is very unfortunate that the requirements of the station would 
not permit the test being car:ied to full overload of the turbine, as 
it would be interesting to see how the opening of the secondary 
steam valves would affect line of total water consumption, and a 
test for effect of change in vacuum at overload would give « third 
point on the curve that would be most instructive. 

A 3500-kw. horizontal Curtis turbine in a plant of the Great West- 
ern Power Company at Oakland, Cal., was tested at 3464 kw. load, 
19.35 lb. pressure at boilers, 127.4 deg. superheat, 1.17 absolute 
back-pressure, inches of mercury. The water rate was 13.62 lb. per 
kw-hr. For the size of the unit this seems very good. 

At the L Street Station of the Boston Edison Company, a 5000- 
kw., 5-stage, Curtis turbine unit tested in 1907 showed the following: 


Steam pressure, Ib. gage................06. 173.0 173.7 169.7 
Vacuum absolute back-pressure, in. mercury 1.13 1.18 1.35 
Water per kw-hr., 15.24 13.57 13.73 


This same machine has been tested once a month since being installed 
and the best record of actual water rate came with the highest super- 
heat and best vacuum as follows: 5095 kw. load, 170.4 Ib. steam 
pressure at throttle, 179.1 deg. fahr. superheat, 0.52 in. cf mer- 
cur, back-pressure, 12.71 lb. of water per kw-hr. 
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The water rate of this test, corrected to standard conditions, js 
slightly poorer than in the test made at the L Street Station, so that 
any possible error in the latter test is in the direction of making the 
water rate too poor rather than too good. These figures seem to 
show conclusively the advantage of high superheat and vacuum, «! 
least on the impulse type of turbine. It is the overall efficiency of thy 
plant for which engineers should strive and this is a question of tli 
greatest output for a pound of coal. Of course the investment need 
to secure the increased efficiency must be justified by the saving in 
operating. 

A glance at the correction curves used with the various units spoken 
of is most interesting, as they suggest the possibilities of the various 
kinds of turbines under different conditions of superheat and vacuum 


‘ West. D’ble-Flow G. E. Vert. G. E. Vert. 
Company...........Pac.G. & E. City Elec. Co. N.Y. Edison Boston 
Station.............Oakland San Francisco New York L Street 
Maximum capacity 

of unit, kw........ 9000 
Normal capacity of 

Unit, 
Corrections for pres- 

sure, 1 per cent for 

20 Ib. - 10 Ib 
Superheat, 1 per cent 

for every : 1g. 10 deg. 7 12 deg. 12 deg. 
Vacuum, normal 

load, per in 0.45 lb. 0.985 Ib. 1.15 Ib. 
Vacuum, 3 load, per 

rere 0.91 Ib. 1.35 lb. 1.60 lb. 


These figures would indicate that the impulse turbine received mor 
benefit from an increased pressure than the combined impulse-reac- 
tion machine, which is very curious, to say the least, as the high-pres- 
sure elements are of the same type. The benefit from an increase in 
superheat is marked in both the types, with the advantage slightly in 
favor of the double-flow type. The benefit from an increase in 
vacuum is very much less in the double-flow combined impulse-reac- 
tion turbine than in the straight impulse turbine, especially at the 
heavier loads, which is 42 per cent as much at full load and 62 per 
cent at 4 load. 

The designer should provide for a moderately high superheat and as 
good a vacuum as the inlet water temperature will warrant, and then 
the operating engineer should continually maintain the condensing 


| | 


apparatus in such order as to get the best vacuum obtainable with the 


apparatus furnished him. This is true with both types of turbines 


discussed, but is especially true of the straight-impulse turbine. 

Gero. A. OrroK. The Society is to be congratulated on the papers 
of Messrs. Naphtaly and Varney, which place before the membership 
actual tests of the most modern types of power-generating apparatus. 
It is interesting in this connection to compare these results with those 
of other turbine installations, published tests of which have been 
available during the last few years. I have had made such a table, 
recalculating the tests on the same basis, using the new Marks and 
Davis steam tables. I have neglected the Rankine cycle efficiencies, 
since in most cases the efficiency of the generator and the mechanical 
efficiency of the turbine are not given, and cannot be easily obtained. 


TABLE 3 ECONOMY TESTS OF STEAM TURBINES 
Marks anp Davis Steam TABLEs 
Steam, B.t.u. 


Vacuum Lb. per per 
Kw-hr. Kw-hr. 


Turbine 


Rummelsburg, A. E. G............... 4179.6 179 


289.2 29.19 11.95 15665 
Carville, Parsons 5164.1 207 125.2 29 13.15 16122 
a rr 10816 190 147 29.47 12.9 16206 
Berlin Moabit, A. E. G................ 3150 185 225 28.5 13 16352 
Boston, Curtis.. 179.5 142 28.8 13.52 16578 
City Electric, San Francisco, Westing- 

8563 183 59 28.18 14.427 16850 
N. Y. E., Westinghouse............. 9830 192.2 96 27.31 15.15 17778 
Brown-Boverl, Rhenish Westfalen.... 5128 176 193.7 28.47 14.32 17790 
N. Y. E., Curtis... ean 8880 192.5 108.5 28.1 15.05 17940 
Pacific Curtis, Oakland 7 72.9. 18735 


[t is much simpler to compare the various machines on the basis of 
the B. t.u. in the steam at the throttle valve, and to credit the turbine 
which that portion of the heat turned back into the feed water sys- 
tem at the condenser temperature. This fact is what power producers 
are interested in, as the B.t.u. so calculated represents what they are 
paying for in coal. 

In making up Table 3 I have used in the actual test result, pounds 
[ steam per kilowatt-hour, vacuum, superheat and steam pressure 
not corrected to the contract conditions. 


!.. D. Dreyrus. The experience obtained from over 2000 steam 
turbines in service should now reveal the operating conditions and 
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ating conditions has already become evident, and very probably a 
general accepted type will eventually be prevalent. These facts have 
already been the subject of both favorable comment and noteworthy 
action in this direction. 

Mr. Naphtaly is to be commended both for having selected moder- 
ate working conditions by means of which he obtains the highest 
ultimate economy and for having endorsed an increase in rotative 
speeds which obviously conduces to higher efficiencies. 

Fig. 15 demonstrates that 100 deg. fahr. is about the upper limit of 
superheating that may be profitably employed. In constructing this 
diagram, care has been taken to make all of the assumptions favor 
high superheat as much as possible, so that I believe it presents the 

most optimistic view of the subject. 
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Fie. 15 INcREASE OF EXPENSE WITH INCREASE OF SUPERHEAT 


Full load operation 175 lb. steam pressure, 210 deg. feed water temperature, 
Cp values from Knoblauch & Jakob. Investment and maintenance clarge 
pro-rated assuming equal capital and fuel expense. 

Per cent decrease in turbine water rate 


Net economic gain not allowing for increased radiation losses 
Increased heat addition to steam 


Total increased expense, including investment and maintenance ¢!) \rges 


While the water rates which Mr. Naphtaly obtained with hi- tur- 

_ bine (14.57 Ib. as tested, and 13.88 Ib. as corrected) somewhat cs ced 
other steam consumptions that have been recorded, there has, 1 ver- 
theless, been established a new mark in the efficiency of conver- on of 
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DISCUSSION BY E. D. DREYFUS 


the available thermal energy between the throttle and exhaust pres- 
sures into electrical energy at the switchboard: viz., 69 per cent as 
referred to the Rankine cycle. 

Very few of us realize, initially, the true relative effect of differ- 
ent operating conditions. Any changes in steam pressure, vacuum 
or superheat, as affecting the available energy, is shown at a glance 
in a temperature-entropy diagram as reproduced in Fig. 16. For 
example, with initial conditions of 190 Ib. and 100 deg. fahr. super- 
heat, 3 lb. reduction in pressure at the exhaust end from 28 to 29 
in. vacuum, increases the available energy as much as the addition 
of over 100 1}. at the inlet of the first stage. 
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Fie. 16 Diagram 


The above efficiency, as already noted, has not been equalled in 
ny other published test. It is to be remembered that this percentage 
cides all armature and windage losses of the generator, as well as 
¢ icld losses which are commonly omitted. Table 4 gives the best 
Am-rican and European turbine performances that are on record. 
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Although some show lower steam consumption, due either to a higher 
superheat or to vacuum, or to both, in every instance the efficiency 
ratio falls considerably below that of the City Electric turbine, which 
is truly complimentary to American development. The extrapolated 
result of 71 per cent at maximum load on the primary valve stands out 
even more prominently. 


TABLE 4 STEAM CONSUMPTION AND EFFICIENCIES OF STEAM TURBINES 


2a 14 
Name & ce | eg Authority 
are “ = = 
z 
4, § 
& $6 NewYork Edison......... 9870 750 177.0 97.0 27.31 15.0 67.3 Operating Co. 
2 S%& Brooklyn Rapid Transit.. 11466 750 177.0106.0 28.15 14.45 65.72 Operating Co. 
< City Electric Co., San 
a. Francisco, Cal........... 9173 1800 167.0 59.0 27.9 1457 69.0 J.G.White & Co. Tests 
New York Edison... . 8880 177.8108.5 28.1 15.0& 63.1 Geo. A. Orrok 
& = Commonwealth Edison.... 10186 750 176.0147.0 29.47 12.9 62.1 Consulting engineers 
5° Pacific Gas & Elec......... 8775 750 | 179.3 72.95 28.03 15.95 61.0 F. H. Varney 


C. A. Parsons, Carville 5059 12 194 92 29 27 13.35 62.9 | Z.d.V.d.1.t1907,p. 1122 
C. A. Parsons, Chelsea. . 6000 1000 190 140 28.00 14.09 65.8 | Test result 
Brown-Bovert, Frankfurt. 3522 1360 142 136 28.92 13.68 65.8 | Z.d.V.d.I. 1908, p. 516 


Reaction 


Escher Wyss Co., Essen 5118 1025 146 158 27.63 15.16 65.1 | Z.d.V.d.1. 1908, p. 1436 
Escher Wyss Co., Turin 3540 1485 172 105 28.29 15.10 64.4 Z.d.V.d.1. 1908, p. 1437 
A.E. G. Moabit,Berlin. . 3169 1500 170 217 29.19 12.74 6°.5 | Z.d.V.d.I. 1907, p. 386 
A. E. G. Rummelsburg 4239 1497 173 285 29.19 11.90 65.1 Z.d.V.d.1. 1909, p. 762 
D. Howden & Co., Man- 
7520 1000 184 133 27.55 14.50 67.0 The London Engineer, 
1909, p. 462 


EUROPEAN 
Impulse 


D. Howden & Co., Man- 
Se : 6382 1000 188 137 27.44 14.30 67.6 The London Engineer, 
1909, p. 462 


*Peabody’s Steam Tables, 1909 Edition, used in calculating Rankine cycle efficiency on kw-hr. basts. 
Zeitschritt des Vereins deutscher Ingenteure. 


It is believed that the efficiency ratio consistently improves until 
100 deg. fahr. superheat is exceeded, when further delay of the dew 
point of occurrence of saturation is offset by the greater amount of 
heat in 1 lb. of steam passing out to the exhaust. Hence it is not 
‘improbable that the turbine would have accomplished a slightly be! ter 
record with additional superheating, 60 deg. being the average through- 
out the test. The effect of vacuum is more indefinite and is sulject 
to the areas and angles provided in the final stages of the turbine. 
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It is sometimes indiscriminately stated that the higher the vacuum 
the better the overall plant results. This is plainly a narrow perspec- 
tive as the power consumption of the condenser auxiliaries is thus en- 
tirely ignored. Condenser temperatures fall off very rapidly with the 
increase of vacuum, as is shown by the standard steam tables, and the 
corresponding capacity and power required by the air and circulating 
pumps becomes proportionately greater. There is consequently a 
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Fig. 17) Revative VALve or Dirrerent Vacua on ULTIMATE PLANT 
Economy BasEs 


200-kw. turbine using surface condensers supplied with average injection 
water at 55 deg. fahr. Steam conditions 175 lb., 100 deg. superheat. Most 
economic arrangement of auxiliaries selected for each vacuum to give best 
heat balance. Relation between investment and fuel economy pro-rated on the 
assumption of the fixed charges being one-half of fuel expense burning $3 
coal. 

A=Actual reduction at the turbine 

B=Net reduction in plant fuel consumption 

C= Equated cost (greater fixed charges and maintenance) of obtaining the 
higher vacuum 

D=Final plant improvement 


point where the improvement in the turbine fails to exceed the in- 


creased power demanded by the auxiliaries, and in the latitudes we : 
are accustomed to, we generally find the most economical yearly aver- ‘i 
age vacuum varies between 28 in. and 28.5 in. (referred to 30 in. bar- Ja 
ometer), depending upon the source of water supply. i * 
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This is apparently the upper economic limit when the falling off i) 
vacuum with periodic fouling of tubes is considered. Moreover, thc 
deductions were based on uniform efficiency ratios of the turbines for 
all vacua, which evidently encourage a higher limit. It is to be noted 
that all the station auxiliaries were accounted for in deriving the best 
heat balance. Although larger units than those treated in Fig. 17 
may have slightly increased advantages owing to a better arrangement 
of auxiliaries, they do not tend to produce improved plant economics 
beyond the limits already expressed when all modifying conditions 
are borne in mind. For this reason, the order given in Table 3 is not 
an equitable reckoning, since the vacuum factors are disregarded. 

I am at variance in opinion with Mr. Moultrop in regard to the 
merits attached to the effect of change in vacuum on the economy of 
the different types of turbines. Ido not believe the manner in which 
he has presented this phase portrays the essential considerations. It 
is patent that the reaction and impulse turbines may be readily de- 
signed for the same efficiency for any given vacuum whatever, virtu- 
ally placing them ona parity insofar as realizing ona fixed high vacuum 
is concerned. Regarding fluctuations in operating conditions, his 
comparison correctly shows that the straight-impulse machine with 
the fewer rows of blades both gains and loses most with changing 

racuum, and consequently is more sensitive to such variations and 
will more rapidly decline in efficiency if the auxiliary station equip- 
ment is not maintained up to the original standard. 

Doubling the rotative speed reduces the steam consumption from 
4 per cent to 6 per cent, depending upon the size. In LOOO-kw. tu- 
bines of 3600 and 1800 r.p.m. under U. 8. Government tests, a differ 
ence of 4.5 per cent was shown. Large turbines, such as those 
under discussion, would probably show somew hat better results. 

While fuel economy is an important factor of the total cost of power, 
investment and operating expenses must also be reckoned with. 
Fortunately I have been able to obtain what I believe may be consid- 
ered conservative installations and monthly operating costs from Mr. 
Naphtaly’s plant. These results plainly indicate efficient manage 
ment, both in construction and subsequent operation. The entire 
station consists of two 2500-kw., and one 6000-kw. turbine, in addition 
to the 10,000-kw. unit. A typical monthly payroll was $3565: oil, 
waste, supplies, water and maintenance material averaged for tliree 
months, $769; the corresponding oil-fuel consumption, for the entire 
station 20,800 bbl., and the output, 4,908,800 kw. The smaller units 
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increase the amount of wages, and therefore only three-fourths, or 
, is strictly chargeable on the base of the use of large units. 
Considering the new addition provided by the installation of the 
10,000-kw. turbine, the cost to the City Electric Company may be 
conservatively quoted at $339,413 or $33.94 per kw., including build- 
ing, foundations, boilers, piping conduits, oil storage and burning _ 
equipment, auxiliaries and electrical apparatus—in fact, everything 
from the cost of real estate up to and including the switching gear. 
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‘Fie. 18 Cost or Powsr at Various Loap Factors 


sae | a Turbine plant oil fuel $33.94 per kw. installed 
-& fuel at $0.60 per bbl. 


ce Equivalent coal fuel $3 per ton 
= d Oil fuel at $0.78 per bbl. an ve. 


' lhe City Electric expense per unit generated at various load fac- 


tors, is similarly included in Fig. 18—four mills, total, with the low - 
oil cost, and five mills with a higher oil cost, which is certainly excel-. 
lent. Oil burning naturally affects the investment by the elimination 
of bunkers and coal-handling apparatus with corresponding heavy 
foindations and also entails less boiler-room labor. A reduction (Fig. 
18 to eastern conditions has, therefore, been carefully made on the 
basis of 14,500 B.t.u. coal at $3 per ton delivered, fully accounting for 
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1286 §TEAM TURBINES 
the various items involved. The investment would hardly be in- 
creased more than 30 per cent at the utmost for coal-handling ma- 
chinery and bunkers. 
The low total cost of a complete-expansion turbine, excluding in- 
Besse and cost of labor, settles the questiondefinitely as to the 
advisability of introducing a combined engine-turbine unit in a new 
station to accomplish a small saving in fuel. 

Another feature of interest refers to the floor space occupied. By 
employing the higher speed of 1800 r.p.m., instead of 900, the unit 
has been reduced in length about 17 per cent. Mr. Naphtaly devel- 
_ ope <1 his plans providing for two rows of turbines in the engine room, 

having them alternately faced with respect to one another. The 
10,000-kw. turbines of the type described demand an engine-room floor 
space of only 0.18 sq. ft. per kw. of normal capacity installed, which 
figure it is thought also constitutes a new record. 


R.J.8. Picorr. It is fortunate that manufacturers and owners of 


= are becoming more broad-minded about publishing data on 


tests. Unfortunately, many of these are rendered less valuable by 
the omission of full data, particularly the bases of computation. A 

case in point is the computation of B.t.u. per kw-hr. and efficiencies (‘Ta- 
ble 1). These figures could not be checked from the data in the paper. 

In Par. 17 Mr. Naphtaly compares his machine, which is really 
15,000-kw. maximum rating, with the combined unit at the In- 
terborough Rapid Transit Company’s 59th Street Power Station. 
His comparison is based on 60 deg. superheat on his machine against 
saturated steam at the 59th Street Station. The thermal superiority 

_ of the combined unit is 8.5 per cent on this basis. There is nothing, 
_ however, to prevent the use of superheat on the combined unit. A 
_ fair basis is using superheat in both cases. . 

With 60 deg. superheat, the 59th Street unit water rate at best 
load would be 12.3 Ib. per kw. instead of 13.2 lb., which brings the 
advantage of the combined unit to 13.5 per cent, about the same as 
given in the paper! by Mr. Stott and myself on this unit. But taking 
the conditions just as they stand, if the units are operated on noriual 
load the saving on coal and water by the more economical combined 
unit,even on saturated steam, averages approximately $80 per cay. 
The extra attendance is $8 per day; the additional fixed charge S12 
per day; and the maintenance charge $7 or $8 per day over that 
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required by the turbine installation. This still leaves a very sub- 
stantial margin saved by the combined unit. These figures are based 
on a cost of $65 per kw. maximum rating for the high-pressure turbine 
system, and $76 for the combined unit, a somewhat conservative fig- 
ure. In spite of this considerable advantage of the low-pressure 
turbine system, it is highly improbable that new plants of the com- 
bined type will be built, since the high-pressure turbine is improving > 
almost daily in efficiency. 

It would have been interesting if Mr. Varney had itemized his cost 
of $51 per kw., which is evidently based on maximum rating. When 
the lack of coal-handling apparatus and absence of land charge is 
taken into consideration, the total cost figures nearly up to the aver- 
age cost of other turbine plants. a 


W.L. R. Emmer. The results reported i in Mr. Varney’ ‘y’s paper are 
about 1 lb. per kw-hr. worse than the results which Mr. Moultrop 
has reported on his Boston turbine, which is identical with the machine 
reported in Mr. Varney’s paper, two or three of which have been tested 
with uniform results. The machine in question was tested under 
station conditions after having been in operation about a year and the 
possibilities of considerable errors in such tests are very well known. 

Fig. 2 of Mr. Naphtaly’s paper shows a cross-section of the West- 
inghouse turbine on which the test was made. The peculiarity of 
this machine, as would naturally be expected at such a high speed, 
is the small area for the discharge steam at the low-pressure end. 
These low-pressure blades are carried by a drum which is under con- 
siderable strain, due to its own weight, and the load which the buckets 
impose. Such strains must be conservative to prevent loosening 
of the drum, which would result in unsteady running. To avoid 
this the discharge area has been made very small in order to reduce 
the height of the blades and a rough calculation indicates that with the 
turbine at a load of 9000 kw. the steam was issuing from the final 
blades at a speed of about 1400 ft. per sec., which is equivalent to a 
loss of about 9 per cent of the total energy of the steam. This condi-— 
tion is not only indicated by the dimensions, but is shown by the rate 
of improvement of vacuum reported. When these facts are con 
sidcred, the supposition that this machine would give a very muck 
better efficiency at a greater load is easily seen to be fallacious. This 


machine when operated on good vacuum should be rated at 7000 a 
instead of 10,000 kw. and with a suitable proportioning of the upper 


part of the turbine, it should give very good economy at such a load — 
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probable that many of the readings are fairly correct, although I ain 
inclined to doubt the one that gives 69 per cent at heavy load because 
the dimensions do not seem to render it possible. It may be that this 
test is as much favorable to this machine as the other one was unfavor- 
able to the Curtis. 

The question of the value of vacuum is a very important one to all 
users of most turbines. It is easy to build machines suited to low vac- 
uum, and if no regard is paid to efficiency, the ratings may be in- 
creased indefinitely, thereby reducing the cost. 

If the dimensions are proportioned conscientiously for high vacuum, 
many difficulties are encountered with high speed. Mr. Varney’s 
machine gained over 6 per cent in water rate for a variation of | in. 
of vacuum when operated at full load, while Mr. Naphtaly’s machine 
gained 3 per cent. Any turbine can be proportioned for a high degree 
of Rankine efficiency with low vacuum, but as the efficiency curve 
falls we fail to get a full compensation for the falling temperature of 
the condensed water. In most good turbines the limit of desirable 
vacuum lies above 29 in. Mr. Naphtaly’s machine, at 28 in. vacuum 
and 8000 kw., should be a highly efficient unit, but with higher vac- 
uum it should be relatively inefficient and its efficiency would also 
decline rapidly with high loads if the vacuum is high. 

It is often stated that records of turbine tests in Europe are better 
than those in this country and that the Curtis machines made by the 
A. E. G. are better than American Curtis machines. In point of fact, 
the A. E. G. turbines at Berlin, which have been tested over and over 
again, run about a quarter of a pound worse than a five-stage $U0- 
kw. and a six-stage 3000-kw. machine under exactly the same condi- 
tions in this country. 

I am not a strong advocate of superheat becaise I believe the gain 
in actual fuel is small, but if superheat is to be employed, my ex- 
perience shows that a great deal can be used. Some machines are 
endangered by superheat while others are not. The Curtis turbine 
is in the latter class and superheat as high as 200 deg. may be used 

ie 

W.L. Waters. The history of the commercial steam turbine unit 
for power station work has been one of gradually increasing s})-eds 
the advantages of high rotational speed being improved steam eco: omy 
and reduced floor space. This has resulted in a continual de:and 
from the steam turbine builders for generators of higher speed ‘o be 
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direct connected to the turbines; and the degree to which this increase 
in speed has been carried can be seen from the fact that a standard 
2500 kw., 60-cycle unit which five years ago ran at 1200 r.p.m., today 
operates at 3600 r.p.m. The difficulties in the design of high-speed 
alternating-current generators are due to the increased centrifugal 
stresses resulting from the higher speed and to the danger of excessive 
vibration caused by the relative motion of the component parts of the 
rotating field magnet structure. As Mr. Emmett states, it is possible 
to adopt a comparatively cheap and simple mechanical design for a 
slow-speed unit and to manufacture from sta..dard material with 
average workmanship. With high-speed units, on the other hand, 
it is necessary to introduce greater accuracy and refinement in the 
design and to use high-grade material and skilled workmanship in the 
manufacture, in order to obtain the same factor of safety and operat- 
ing characteristics as can be obtained in the corresponding low-speed 
units. 

It has been the general experience that when these precautions are 
taken, high-speed units are as satisfactory ‘f not more so, from an op- 
erating standpoint, than the corresponding low-speed ones; and a 3000- 
kw. 3600-r.p.m. generator carefully designed and built, or one of 10,- 
000 kw. at 1800 r.p.m., is a better operating machine and has a higher 
factor of safety than a corresponding unit of one-half or one-third 
the speed. 

Mr. Naphtaly’s paper is of interest because it describes one of the 
first of the large modern high-speed steam turbine units and gives 
tests made by independent engineers of high standing. Since the 
results of these tests are so satisfactory and the unit has been so suc- 
cessfully operated, it is probable that the old standard slow-speed 
machine will be superseded by considerably higher speed units similar 
to the 10,000-kw.turbine at the City Electric Company at San Francisco. 


Francis Hop@xtnson. Inasmuch as I was identified with the 
designing and building of the turbine which is the subject of Mr. 
Naphtaly’s paper, and also had the pleasure of being present when the 
tests were made, I can therefore reply to some of the points brought 
up in the discussion. 

Although it is true that the tests were not scientific in the sense that 
the losses were all segregated and the like, I wish, however, to em- 
phasize strongly the fact that no stone was left unturned either by the 
owncrs or by the engineers conducting them, in the effort to insure 
accuracy of the tests. 
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I am in accord with Mr. Moultrop in deploring the fact that loads 
heavier than 9000 kw. could not have been carried during these tests. 

Regarding the efficiencies referred to in Mr. Orrok’s discussion, 
viz., the efficiency ratio, or Rankine Cycle efficiency, as it is variously 
called, and the other which Mr. Orrok prefers, viz., the B.t.u. measured 
in the steam at the throttle above water at the temperature corre- 
sponding to the pressure within the condenser, I agree with him that 
the latter is perhaps the more expressive for the user of the turbine to 
employ. However, it lacks particular significance, for it takes no 
cognizance of the power consumed bythe auailiaries. Large condens- 
ers requiring considerable power might be employed, giving a high 
vacuum, when a lower number of B.t.u. per kw-hr. would be shown 
for the turbine, which in cases might be entirely offset by the large 
amount of power taken to operate the condenser. It is, of course, 
understood that as long as the exhaust steam from the auxiliaries is 
condensed in a feed heater, the power taken by the auxiliaries is of 
little moment. However, carrying this condenser consideration to 
extremes, the condenser pumps might absorb as much energy as the 
main uait, when surely a low B.t.u. rate per kw-hr. would be of but 
little use to the power plant user. 

For the builder and others interested in comparing the performance 
of one turbine with that of another, I find the efficiency ratio (the 
ratio of the energy actually obtained from a given amount of steam 
expanding between certain pressure limits and what is theoretically 
obtained from an ideal engine) the most convenient. This efficiency 
should certainly include the mechanical losses of the turbine and there 
is no reason why it should not also include the losses of the generator. 

Comparing the turbine performance on an efficiency ratio basis, a 
broad view of the operating conditions must still be taken, i.e., equally 
good turbines may not have quite so high an efficierlvy ratio at a very 
high vacuum as for a moderate vacuum. The efficiency ratio is also 
varied by the amount of superheat, as already pointed out. Both 
Messrs. Emmet and Moultrop have called attention tothe low vacuum 
correction on this machine as compared with the type of impulse 
turbines with which they are familiar. The vacuum correction for 
any type of machine is a variable factor, depending entirely upon the 
proportioning of ihe low-pressure blading, and the reaction typeof tur- 
bine may be designed to give as highavacuum correction as any other 
type. This is exemplified in Table 4, in the case of the Carville 
(Parsons) turbine, where an efficiency ratio of 62 per cent was ob- 
tained with the turbine carrying 29.29-in. vacuum and but 90 eg. 
superheat. 
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The wisdom of designing commercial turbines for very high vacua 
would seem to me questionable, since in average power plant opera- 
tion, 28 in., or certainly 29 in., vacuum is exceptional. Mr. Dreyfus 
raised the point and expressed the opinion that 28in. to28.5in. average 
vacuum during the year is somewhere near the limit which may 
profitably be employed. There is certainly a limit somewhere, depend- 
ent upon the average temperature of the cooling water available 
and the head to which it has to be pumped, since any steam used to 
operate the pumps, the exhaust from which would be in excess of that 
required for heating the feed water, would be a direct loss chargeable 
to the main unit. These are matters depending upon the local con- 
ditions and must be individually reckoned with. 

Regarding the proportioning of the blading in Mr. Naphtaly’s 
machine, Mr. Emmet has undertaken to scale a photographic repro- 
duction of a drawing, from which he attempts to calculate the terminal 
steam velocity in the turbine. In this, I think he is taking a great 
deal for granted, for the actual figures are, in fact, considerably lower 
than he states. The steam velocities at the low-pressure end of this 
turbine, however, have a higher ratio to bucket velocity than has been 
the usual practice, and this fact Mr. Emmet very properly points out 
as accounting for the low vacuum correction. Had this turbine been 
designed with low-pressure drums of larger diameter, as it could have 
been without encountering the mechanical difficulty of loosening the 
drums, as Mr. Emmet fears, these losses, due to the steam velocity 
issuing from the final blades, which he says amount to about 9 per 
cent of the total energy of the steam, would have largely been avoided. 
Then, it would certainly be interesting to inquire, in view of theresults 
shown by the tests, what would have been the performance of this 
turbine with material reduction in these alleged losses. However, 
with the low vacuum corrections determined from the tests them- 
selves, correcting run D in Mr. Naphtaly’s tests to the best vacuum 
condition of the L Street Station of the Boston Edison Company, as 
quoted by Mr. Moultrop, viz., 0.52 in. absolute mercury pressure, the 
City Electric machine would give 12.12 lb. of steam per kw-hr., taking 
the superheat correction of 1 per cent for each 10 deg., and 12.4 Ib. 
per kw-hr. if we take the superheat correction of 1 per cent for each 12 
deg., the load being 9173 kw., which is less than the normal rating of 
the turbine. 

Similarly, the City Electric turbine reduced to the condition cited 
for the Great Western Power Company’s turbine at Oakland, Cal., 
gives 13.3 and 13.5 lb. per kw-hr. for each superheat correction, 
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Attention should be called to one point, viz., the number of tests 
conducted on this turbine, which when plotted, show a general agree- 
ment. I think no tests should be regarded as entirely reliable without 
checking the total amounts of steam in accordance with the Willans 
right line law. If the tests as carried out on this turbine are correct 
with 11,000-kw. load, the performance would assuredly be in ac: ord- 
ance with Fig. 4. At the time the tests were carried out, observations 
were made during certain swings of load up to 10,000 kw. and above, 
to determine the pressure drop through the admission valves, and it 
was found that the turbine was easily capable of carrying 11,000 
_kw. on the primary valve with 175-lb. gage pressure at the throttle. 


CLOSURES 


Sam. L. Napuraty. The B.t.u. per kw-hr. given in Table 1 was 
figured on the basis of feed water at 210 deg. fahr., arbitrarily reasoning 
that a credit is to be allowed in the steam plant due to the return of 
heat from the auxiliaries through the feed-water heater, while on the 
other hand, no similar operation exists in the gas plant. Inadver- 
tently, the denoting of the B.t.u. per kw-hr. above 210 deg. fahr. 
was omitted in transcribing the tables. This column was included 
only incidentally, but for a true comparison of gas and steam 
plants, it is obvious that all factors in their operation must be duly 
considered. 

In considering steam stations only, manifestly the heat directly 
chargeable to the turbine should be measured above the condenser 

discharge water temperature, or more precisely, exhaust temperature, 
to avoid being affected by any inefficiency of the condenser. Evi- 
dently, itis not always safe to adopt the last mentioned method, since 
the merits of different turbine installations may thus*‘be confused in 
a manner such that the plant producing the best net overall results, 
including the auxiliary power, would not be ranked accordingly. 
‘The turbine with unnecessarily large and possibly wasteful auxiliarics, 
or one which had had the advantage of being tested in winter over tha‘ 
of another tested in summer (and correspondingly influenced by a 
better vacuum), may very likely be unjustly accredited with a better 
record. One discussor gave this phase some consideration graphically. 
Mr. Emmet remarked that the tests which I have reported are more 
favorable to the turbine I am operating than like tests of the Curtis 
turbine at Oakland. An inspection of the two different test logs, 
although plotted to a slightly different scale, will reveal that the con- 
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ditions were, for all practical purposes, virtually the same, resulting 
in a difference of 1 lb. in favor of the Westinghouse unit. 

Referring to the comparison which Mr. Pigott discusses, authori- 
ties seem to differ appreciably as to the value of superheat inthe 
reciprocating engine. I believe some engine experts assert 6 per cent 
or possibly 7 per cent improvement in the economy of the engine 
when steam is superheated to 100 deg. fahr., which is much less than 
Mr. Pigott’s figures. Moreover, it does not appear consistent to 
correct the Interborough sosthinnd unit performance for superheat, 
andon the other hand, vary the City Electric turbine economy to the 
vacuum obtaining during the Interborough plant tests. Had all 
corrections been made in the same direction, i.e., for the City Electric 
vacuum, as well as superheat, as seems most logical in this discussion, 
the results would agree practically with the smaller difference noted. 

It may be of interest to note that this turbine has since been operat- 
ing with practically the same degree of efficiency as on the tests. 
While we have not taken the actual water rate, we have kept a very 
close record of the oil consumption of the plant during the hours this 
turbine operated, and from that we draw the conclusion as suggested 
above. 

Further, and in order to clear up a question which arose in the dis- 
cussion, concerning the capacity of the turbine, I would say that the 
plant was called upon during the winter to put out upwards of 12,000 
kw. The inlet pressure recorded was practically in accordance with 
Fig. 4, in that with 175-gage pressure and at 11,100 kw., the drop 
through the admission valve was as plotted. The auxiliary valve 
opened, however, on loads above 11,100 kw. 


F. H. Varney. Replying to Mr. Moultrop, the total cost of the 


station is itemized as follows: 


Per Cent of 
Total Cost 
Total cost per kw 


Building 13.45 
‘Eight 755 h.p. boilers, steam pipe and boiler room auxiliaries. .. . 
-15,000-sq. ft. condenser and auxiliaries. 
Circulating water system 
‘Electrical equipment 
ee oil storage 


: Regarding the vacuum, I would say that our specific ations called for 
28-in. vacuum, and that the dry v vacuum pump b barely came within 
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the guarantee. We are about to install a pump of larger capacity, 
inasmuch as all other conditions are adequate for a better vacuum. 

The matter of more superheat is a more difficult proposition and 
on account ofthedoubtful total gain in efficiency. we are inclined to 

let that remain as it now is. 

In reply to Mr. Emmet, I would say that when the turbine was erected 
some foreign material was accidentally left on two of the bucket 
wheels, damaging the buckets ofthe third and fifth stages, and that 
the manufacturers estimated before the test was run that new buckets 
in the place of the damaged ones would increase the water rate 1 |b 
per kw. The results of the test, however, were given asthey wer 
made, without regard to what should have been the water rate of 
the turbine. 
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OPERATING CONDITIONS OF PASSENGER T 
ELEVATORS 
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By Reainatp P. Botton, New York 
6 


at » 


Member of the Society 
we This paper is concerned with the principles affecting and limiting 
the service of passenger elevators. These constitute the most impor- 
tant adjunct to the improvement of real estate and are continually 
being more widely used in this connection. 

2 The operation of a passenger elevator is unlike that of other re- 

ciprocating mechanisms, in that its movements are designedly de- 
pendent upon the entrance and exit and the weight of the persons 
making use of its car. The time during which it is in actual motion 
is therefore only part of the total time of its service, and it will be 
manifest that some due proportion of the total time may be expected 
to be oceupied by passenger movement and by machine motion re- 
spectively, and should either one or the other be of undue proportion, 
the result will be a reduction in efficiency, as represented by traffic. 
3 Passenger time is that which is consumed while the car is not 
in motion, but is awaiting the movement of passengers. In schedule 
service, which is the method of operation universally adopted in bus- 
iness buildings, the period of actual waiting time at the lower floor 
is limited by the schedule, but in addition to this time, the movement 
of passengers in entering and leaving the car and the processes of 
opening and closing the gates occupy a further proportion of the 
total time of use of the elevator. 

{ The period of inaction of an elevator thus has a close relation 
to the number of passengers carried, and in schedule service the aver- 
age consumption of time which the writer advanced in a recent work 
on this subject has been found by experiment to prevail in various 
cities, indicating that personal characteristics in the use of elevators 
are very similar in all parts of the country. These allowances are: 
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a For each person carried either way 
b For each person entering at the lower landing 
c For each person leaving at lower landing 
d For the process of making and leaving the upper 
landing ...9 see. 
The waiting time at the ground floor, in addition to the foregoing 
is extended to suit the schedule, which is fixed by the division of the 
round-trip time between the number of elevators in use. In severa| 
tests of the traffic of schedule service, by making the foregoing de- 
ductions from the total time occupied, the actual running speed of the 
elevator car has been correctly predetermined and in others, by de- 
ducting the known running time from the total, the foregoing allow- 
ances have been substantiated. 
5 The machine time is occupied by three main elements: 
a Acceleration from a state of rest to designed speed. 
b Travel at designed speed. 
c Retardation from designed speed to a state of rest. 
The average speed of the machine is not its designed or nomina! 


TABLE 1 MEAN SPEED AT VARIOUS FUNCTIONAL DISTANCES 


2 


Functionat Distance 
FLIGHT 


10 Ft. 15 Ft 


Ft. Per Sec. 


3.73 
16 
52 
13 


5 55 


speed, but that which results from the mean time occupied in the 
foregoing operations. The designed speed may not be attained un- 
less the flight or distance between stops is such that the processes of 
acceleration and retardation from and to a state of rest do not occupy 
the entire space of time and distance. 

6 Fig. 1 shows the course of these functions on a horizontal scale 
of time and a vertical scale of space, with the mean speeds resulting 
therefrom. Line AB is that of the designed speed of the car at 50) 
ft. per min. Curve CD is that of the function of starting and sto)- 
ping on the up-run within distances respectively of 6 and 4 ft. and 
C’D’ the same operation on the down-run and within a flight from 
landing to landing of 15 ft. The mean speed is reduced to 5 ft. per 
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sec., a drop of 40 per cent from the designed speed. Curves //- 
and E’F’ are those of the same functions exercised in a distance of 
10 ft. and 5 ft. respectively, thus occupying the entire space from 
landing to landing and reducing the mean speed to 4.16 ft. per sec., 
or 50 per cent of the designed speed. From these and similar curves 
the mean speeds given in Table 1 have been deduced. In curve /’/' 
it will be seen that the car on attaining its designed speed, 

immediately slackened by the commencement of the process 


Mean speed in ft, per sec. 


3 
Blight-ft. 12 


Stopsto 104, 8 5 


Fia.2 MEAN SrpeEDS BETWEEN LANDINGS AND CORRESPONDING SERVIC! 


retardation so that the designed speed is not utilized at any less 
distance than 15 ft. between landings. 

7 Fig. 2 shows these rates of speed at the same two functional 
distances plotted for all distances between landings from 12 ft. to 
35 {t., with the corresponding character of the service expresse:! in 
percentage of landings to floors. 

8 The gain by the shorter functional distance when making «ny 
service is about 12 per cent of machine time, and such an elevator 
will, if sufficiently powerful for the increased load, attain the same 
mean speed with 10 traffic as is attained in the other mac thine with 
four landings in ten floors. 
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» 

The live load in the car and the weight of the car itself directly 
affect the functions of acceleration and retardation, aiding or opposing 
each operation inversely on the up and down runs. Where there is 
no counterweight or balance applied to the live load, these effects 
are directly proportioned to the latter. In hydraulic elevators it 
is not usually practicable to counterbalance the live load, but it is 
the universal practice to counterbalance some part of the live load 


BC = 10 floors 
/ 
mae 

/ \ 


DOWN 


Counter.» 
balance 


! 


/ 


Net load +350 4210 +70 —70 4210 350 


Resistance 


al} LI LJ 


Assietanee 


 Errecr or CouNTERBALANCE 


in electric elevators, relieving to that extent the two operations in 
either direction. As electrically operated elevators are now largely 
in the majority and are constantly on the increase, the relation of the 
counterbalance to the average live load carried each way appears 
to be a most important feature and it would be desirable to ascertain 
it in some definite manner rather than by theoretical assumption. 
\) Elevator loads are varied on the up and down runs in the man- 
ner shown in Fig. 3, in which the flights and stops of a car are shown 
by ‘ine ABCD and the weights by the shaded parallelograms. The 
overbalance, if it be one-half of the commencing and ending live loads, 
has the theoretical effect of bringing about a complete balance of 
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lifting and lowering work, and theoretically the net overbalance 
lifted on one side is used as descending force on the other. It is 
due to this feature that the electrical form of elevator will give back 
a certain amount of motor-generated current to its supply line. The 
amount so returned is but a portion of that used in lifting the over- 
balance and is usefully employed only if there be some means of absorb- 
ing or utilizing the current. The motor must also be back-rotated to 
that speed necessary to produce a voltage equal to that of the cir- 
cuit which is only the case when it has attained its designed speed, so 
that this economic feature is also dependent on the average distance 
between stops and starts. 


TABLE 2 TESTS AT NIGHT AND DAY BANK BUILDING 


Averace Loaps—Cark No. 2 


Live Loap, Ln. 
Persons Each Way, 
Hour 


100-200 200-300 


105 


11 The effect of overbalance is also varied by the fluctuations 
of the live load in either direction during the hours of traffic, and 
should this traffic be uneven or such as to vary considerably from the 
designed relation of load to overbalance, then the benefit of the over- 
balance is disturbed and its value is considerably impaired. 

12 The relation of traffic to counterbalance is therefore a matter 
of importance, and economy may be effected by ascertaining what pro- 
portion the average loads each way bear to the overbalance. These 
relations may be ascertained after the appliance is in full operation 
by counting the passengers, but this observation is not of value un- 
less the counting is made of every individual carried each way during 


some given period of time. : 
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9-10 2.62 — 366 
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N-1 2.55 338 
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3-4 1.29 181 --- 
4-5 ‘1.73 242 
5-6 1.67 — 233 — 
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13 The observed operation of the traffic in the cars of the Night 
and Day Bank Building is shown in Fig. 4, in which are plotted on 
the vertical scale above and below the middle horizontal line the 
number of persons carried up and the number of persons carried down 
on each hour of the business day. This observation shows that the 
distribution of traffic in such a business and professional building 
closely coincides with the theoretical distribution advanced by the 
writer! In the traffic of this building, the heaviest periods of eleva- 
tor work are from 9 a.m. to 10 a.m. for one-way traffic, and from 2 
p.m. to 3 p.m. for two-way traffic, periods which may differ in other 
cities. The individual work of one car is given in Table 2. 

14 The overbalance of these machines is about 800 lb. of live load 
and is reduced by the weight of the operator to 660 Ib. of actual pas- 
senger load. The excess or overbalance of the actual mean passenger 
loads thus becomes 520 Ib. for 3 hr., 400 Ib. for 4 hr., 310 Ib. for 5 hr., 
indicating that an unnecessary amount of overbalance is provided 
and that improvement could be effected by reduction of the counter- 
balance. 

15 In hydraulic-cylinder elevators, and notably in those of the 
plunger type, the absence of counterbalance of the live load not only 
varies the period of acceleration and retardation to a wide extent, 
but as the power applied to these machines is fixed in extent, succes- 
sive increments of load also vary the traveling speed. On a test of 
the very powerful hydraulic-cylinder elevators of the Hanover Bank 
Building, the traveling speed both up and down varied from 880 ft. per 
min. with a live load of 550 Ib. to 330 ft. per min. with a live load 
of 3300 lb. The characteristics of the functions of stopping and 
starting varied as shown in Table 3. 

16 In the plunger type of machine, the effects just described are 
increased on account of the large mass of material and water which 
must be set in motion to and arrested from the same speed as the car 
and the result is that both the period and the distance of acceleration 
and retardation are relatively prolonged. These effects are largely 
negatived in the electrical elevator, even where, as in the case of the 
traction type, the ropes and the counterweight all travel at the car- 
speed. This result is obtained by the introduction of the electrical 
and mechanical brake action in retardation, and by the ability of the 
electric motor to exert force in acceleration and motion approximat- 
ing the resistance of its load. These capabilities have been very 

: 1R. P. Bolton, Elevator Service. 
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highly developed in the one-to-one traction electrical elevator, in 
which motors of large proportions accompany its relatively slow speed 
and the physical danger of dislodging the cables from the head sheaves 
by rapid retardation on the up-run or of putting excessive strain on 
the cables in downward retardation are overcome by the arrangement 
of the friction drive. This form of machine therefore offers the larg- 
est possibilities in the directions discussed, affording maximum powers 
of acceleration at designed speed with all loads, and safe retardation. 

17 But even with these powers, it will remain a fact that if the 
traffic in any elevator be such as to demand a stoppage within a dis- 
tance less than that occupied by the operations of acceleration and 


TABLE 3 TESTS AT HANOVER BANK BUILDING 


Loans, Funcrionat Distances AND SPEEDS 
Acceleration Up, Retardation Up, 
Retardation Acceleration 
Down, Ft. Down, Ft. 


Speed, Ft. Per 
Min. 


Functional Mean Speed tn 


Live Load, Lb. Distance, Ft. 24 Ft. Per Sec. 


11 6.6 
7.25 7.75 
6.1 12.3 
5 24 


retardation, or what has been described as the functional distance, the 


designed speed will not be attained. Therefore, unless the number 
of elevators be so related to the traffic as to afford an average distance 
between stops in excess of the functional distance, there is no advan- 
tage derived from the designed speed. As high rates of designed 
speed involve proportionate forces, which in each type require either 
high pressure of power supply or large proportions of apparatus, it 
will be seen that substantial economy in first cost may be secured by 
sv proportioning the elevators to their work that the best results 
may be attained with the most moderate designed speed. 

18 In all elevators, particularly in those electrically operated, the 
use of power increases in proportion to the number of starts and stops. 
‘This is a natural result of the use of the electric motor, in which the 
largest part of the energy is required for the process of first motion 
and aeceleration, the next largest for electrical and mechanical re- 
tardation, and a lesser amount for the actual running speed, with a 
siiall proportion devoted to the continuous excitation of the field. 
I: therefore follows that in this form of elevator, which is now so 
widely used, the main part of the consumption of power is directly 
rated to the number of stops and starts which acconipany and result 
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from the number of persons carried. The diversities in results whict, 
have been reported from time to time as to the consumption of cur- 
rent by electrical elevators may be attributed to variations in tratlic 
conditions. 

19 A series of very interesting tests was recently made upon the 
operation of a one-to-one traction elevator in the ten-story building 
of the Boston Edison Company, in which observations of the use of 
current were made at varying numbers of stops and starts with various 

loads. 


TABLE 4 CURRENT CONSUMED BY AN ELECTRIC ELEVATOR AT VARIOUS LOADS 
AND STOPS 


Ist and 9.h Floors 


9-1 


Oper. 666 1060 13602010 2360 2680 Oper. 666 1060 2010 


» 2.345 2.075 1.9451.872.15 2.4953.22 3.09 2.8552.52 2.915 3.859 
1-3-5-7-9 1-2, 3, 4, 5, 6, 7, 8, 9 


9-7-5-3-1 98, 7-6, 5, 4,3, 2,1 


101 ft. 6 in. one way or per trip=52 trips per car-mile 
666 1060 2010 Oper. 666 1060 2010 


Kw-hr. per Car-Mile.......... 4.91 4.185 3.975 4.25 7.285 6.75 6.7 7.425 


Machine: Otis Elevator Company’s One-to-one Electric Traction. 

Total Weight of Car: 3956 lb.; Overbalance = 1060 Ib. 

Capacity: 2500 lb. at a speed of 500 ft. per min. a? A 
Tested: Boston, Mass., June 1907. 

20 The writer has plotted from these results a series of curves 
shown in Fig. 5 which indicates very clearly that at all loads an in- 
crease in the number of stops results in a progressive increase in the 
current consumption. The shape of all these curves is affected by the 
relation of the overbalance to the load and at or near the balance 
point the most efficient service is naturally attained. 

21 In hydraulic elevators the cost in energy of stops and starts 
is that of the water under pressure, which is used for the reversa! of 


Up 1-5-9 
Stops 
Down |_| 9-5-1 
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the valves. In a test of the plunger elevators in the United States 
Express Building, in which the writer took part, the proportion of 
water thus used in stops and starts was ascertained to be, on the basis 


A.M. Hours 


or 


Persons up 


Heaviestitratiic 


AVEL DOWN 


Persons down 


Fie. 6 Fiow or Evevator Trarric IN a Cuicaco Orrice BriLpiNG 


of four stops up and four stops down to ten floors above the ground, 
11.1 per cent of plunger displacement, and on the basis of a stop at 
every floor up and down, 22.2 per cent. 
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22 The method employed by the author in securing data bearing 
on these subjects is the observation of the number of persons carried 
each way on each trip by each elevator in a given time. Such observ- 
ations have been taken in a number of buildings of widely differing 
proportions and characters, in cities as farapart asSeattlean Atlanta, 
and as diverse in characteristics as Detroit and Portland, Ore. In 
all cases these tests have proved of value by indicating opportunities 
for mprovement in service and in economy and have also confirmed 
the foregoing conclusions as to the influence of traffic upon speed and 
efficiency of service. 

23 An interesting and comprehensive example of this method of 
observation is that afforded by the six hydraulic elevators of a Chicago 
office building of 17 stories located in the heart of the business dis- 
trict and having a professional, business and brokerage tenantry. 
The results of these observations are plotted in diagrammatic form in 
Figs. 6, 7 and 8. The upward and downward traffic is plotted ver- 
tically above and below the middle horizontal line and the period 
of service is shown on the horizontal scale. In Fig. 6 the total com- 
bined hourly traffic each way is shown and from it is observable the 
disposition of traffic during the hours of business, the heaviest period 
being for one-way traffic from 8 to 9 a.m. and for two-way traffic from 
noon tol p.m. The total combined traffic for the day’s service was 
5888 persons carried up and 5801 carried down. 

24 In Fig. 7 the combined schedule work of the six cars is plotted, 
showing the number of persons lifted or lowered by all six cars on each 
schedule movement, affording a picture of the response of schedule 
operation to the flow of traffic. The average total of the six cars per 
hour is shown in the double dotted line on the upper and lower part 
of the scale, and the average number of persons per hour per car is 
shown in the strong single dotted line. The average number of per- 
sons carried per car per hour was 5 up, 4.91 down, and 4.95 each way. 
The total each way per hour aggregated 584 persons. 

25 Fig. 8 shows the work of these cars in still greater detail, the 
six diagrams giving the individual work of each car per trip, affording 
a complete picture of the division of the work between the several 
cars. Several interesting observations can be made from this dia- 
gran. The best work of the day was found to have been done by 
car No. 2, which during the busy hour of noon to 1 p.m. carried 264 
persons, or a mean of 6.6 each way per trip. The heaviest day’s 
work was done by ear No. 5, which carried an average of 5.34 persons 
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each way in the average round-trip time of 3.07 min. The averave 
round-trip time of the schedule as maintained was 3.09 min., and the 
best time for an individual car was that of car No. 2 which made cer- 
tain trips in 2.5 min. round-trip time, carrying 4.35 persons each way, 
at the rate of 104 persons per hour. 

26 It will be observed that at various times the operation of car 
No. 3 and car No. 6 was interrupted by their diversion from the ser- 
vice for freight purposes, and at the particularly busy time near one 
o’clock, when this occurrence took place on car No. 3, the traffic was 
forced into the other cars, the loads on which were greatly increased, 
with the result that the number of round-trips made by those cars 
was reduced. 

27 The division of passenger time and machine time in these cars 
was ascertained by observations of the speed of two of the cars with 
a live load of three passengers each way. On a run from top to 
bottom of the shaft, the speed developed under those conditions, was 
6.77 ft. per sec., corresponding to a designed speed of 400 ft. per min. 
With the same load, but starting and stopping at every alternate 
floor, the mean speed fell to 4.8 ft. per sec. As the schedule main- 
tained by the service allowed an interval between arrival and depar- 
ture of cars at the ground floor of 30.9 sec., the actual time of the aver- 
age trip became 154.5 sec. The average speed of 4.8 ft. occupies 
80 sec., leaving for passenger time, less the top landing, 65.5 sec. ‘The 
average number of persons carried by two of the cars when operating 
at this speed was 6.6 each way, or 13.2 in all, so that the passenger 
time was 5 sec. per passenger per landing, which is the allowance to 
which reference was previously made. 

28 These observations indicated further that the elevators were 
capable of handling the busy-hour traffic at the rate of four land- 
ings to ten floors and were operated under an average of three and 
one-tenth stops to ten floors, affording an ample service reaiily 
capable of meeting the variations in the flow of traffic. They also 
indicated that during the heaviest period of the day when the rela- 
tion was increased by the withdrawal of one car, the time of the round 
trip was delayed and the schedule lengthened, reducing the conven- 


ience and the efficiency of the service. 


DISCUSSION 


| E. Hotuanper. In Par. 18 the author states that in all elevators, 
particularly those electrically operated, the use of power inercss > 
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in proportion to the number of starts and stops. This statement 
does not apply in general to hydraulic elevators, the amount of power 
used in starting and stopping being dependent upon the type of in- 
stallation and the size of the pumping plant. If the pumps and tanks 
are properly proportioned to present excessive drop in pressure when 
the elevator is started the pump will not be required to start each 
time the car is started; also if a mechanically controlled operating 
valve (which does not require water under pressure for its operation) 
is used, it is evident that the power consumption is not in proportion 
to the number of starts and stops. 

It is stated in Par. 21 that for hydraulic elevators the energy used 
in starts and stops is that of the water under pressure used for the 
reversal of the valve. This is true only of machines provided with 
pilot control ana motor valves operated by pressure water. 


The author did not desire to present a closure.—Eb1Tor. 
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FIELD FOR GRINDING 


C. H. Norton, Worcester, Mass. 


Grinding in various forms has been known to man from the very 
beginning of history, yet it is doubtful if many engineers have a 
clear conception of the field for metal grinding. My experience 
as a specialist for twenty-five years has taught me that the usual 
thought of grinding is as a slow, tedious, expensive but sure method 
of obtaining accuracy, and that where great accuracy is not required 
grinding should not be done. 

2 Webster defines abrasion as “the act of wearing or rubbing 
off; the wearing away by friction, as the abrasion of coins,’ abrade, 
“to waste or wear away by friction, as to abrade rocks.’ He defines 
the word abraise as “rubbed smooth, as an abraised table,’”’ mean- 
ing a polished table. No doubt here is the connection between 
polishing and abrasion. 

3 Some time within the last 75 to 100 years men discovered that 
a revolving polishing wheel enabled them to abrade work in such a 
comparatively short time that so far as polishing was concerned it 
was no longer slow nor tedious. But as the original word for abrasive 
action was “grind,” and grinding was slow, men still clung to the 
tradition in spite of the later discovery that polishing could be done 
quickly. When, within the recollection of the writer, mechanics 
made their own solid glue and emery wheels with which to grind : 
small hardened tool work, it did not occur to them that they could 
do ly grinding a certain part of the work that they were using steel 
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FOR GRINDING 
tools for, because it was grinding, and was slow. Moreover, all nicé 
work must of necessity take lots of time, because our older mechanics 
had said so. It did not occur to them that we could ever have better 
grinding wheels and better machines in which to use them. 

4 It was at this point in our reasoning that the majority of engi- 
neers rested and it is here that we find a large number now. Al! 
engineers admit the exactness of grinding, but most of them still 
believe it to be slow. 

5 Appleton’s Cyclopedia of Applied Mechanics, published as late 
as 1893, says that emery wheels are employed mainly for producing 
cutting edges and for smoothing surfaces. Again it says that in all 
cases of the employment of emery wheels in place of steel cutting 
tools, the operation is considerably slower, and it may be laid down as 
a rule that save upon metal too hard to be operated upon with steel 
tools, the emery wheel cannot compete with the ordinary lathe, 
planer, milling tool, ete. My observations convince me that a great 
many American engineers hold the same views. 

6 As a specialist for many years, I have seen a gradual but sure 
increase of knowledge of grinding and have noted the widening of the 
field as the result, but I am not aware that the intelligent study of 
grinding has been taken up by professional engineers or by any insti- 
tute of technology. The intelligent use of grinding yields such 
large returns that it warrants careful study by the very best engi- 
neering and scientific minds and a place in the courses of our technical 
schools. The field is constantly broadening with each year’s im- 
provements in grinding wheels and grinding machines, and it is 
time that men of brains and education took a hand with us to help 
the world to a better knowledge of the science of grinding and 
grinding wheels. 

7 The results thus far attained warrant a change of the world’s 
idea of grinding and instead of using it as a synonym for slowness, 
tediousness and drudgery, it should be a synonym for rapidity, 
accuracy and economy. 

8 The fact about grinding with the modern grinding machine 
and grinding wheel (not emery wheel) is that it enables us to size all 
round work more cheaply than by turning and filing, that it takes the 
place of what we formerly called the finish cut of the lathe and al! 
filing, giving us not a theoretically perfect cylinder or perfect finish, 
but a much nearer perfect cylinder and finish than we obtained with 
the lathe. It gives us diameters to such small limits as to be called 
exact, but whoever insists that none but exact work be ground loses 
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the very pith of grinding, which is economy. Modern grinding 
means cheaper cost for all work, many grades of work to suit many 
requirements, and cheaper turning than is possible without the use 
of the grinding machine. 

9 As arule, the coarser the turning the greater the economy by 
grinding. The greatest economy is obtained by the combination of 
cheaper turning and grinding. It is no longer necessary to turn work 
smooth, straight or correctly to size and the lathe is no longer neces- 
sary as a precision tool. If it has a carriage traverse of from four 
to ten threads per inch, has sufficient power to carry high-speed tool 
cuts at that feed and is well supplied with steady rests to prevent 
springing of the work, it is ready for coéperation with the grinding 
machine. It is easier with modern grinding machines and wheels to 
erind off a given amount of metal when in the form of crude screw 
threads than in any other form, and with long work having several 
sizes the grinding requires less time if y’5 in. to 4’; in. is left on the 
diameter for grinding than if the work is turned carefully to within 
).002 in. to 0.005 in. In all cases, accurate turning increases the total 
cost of production and in some it makes the grinding very expensive. 

10 The greatest economy is usually obtained by the combination 
of grinding with very rough turning. Yet there are cases where the 
least expensive way is to grind direct without turning, notably the 
greater part of crankshafts of automobiles and small gas engines and 
very long and slender work where turning is difficult. 

11 It is not an easy matter to secure such rough turning as true 
economy requires in connection with grinding. Lack of knowledge 
of what is needed, coupled with the natural pride the workman takes 
in doing what tradition says is nice lathe work, prevents the grinding 
machine from doing what it is ready to do. Our industries are losing 
much while waiting for the engineer to assume the intelligent guidance 
of foreman and workmen who, through fear, doubt or prejudice, now 
rob us of the great economies due to modern grinding machines. 
There is much yet to be learned by foremen and workmen about 
turning. High-speed steel makes possible much that has not as yet 
become common knowledge. 

12 The lathe is a very old tool and foremen and workmen have 
known it for generations, yet I have been unable to find more than 
two instances where a careful study has been made of the combina- 
tion of lathe work and grinding to effect the maximum saving. I 
have observed that lathe men have not tried to remove metal 

reasing the number of cuts and using fast traverse. When 
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urged to take coarse feeds to help the grinding machine to effect 4 
total saving, they have invariably said that they were feeding al! 
that the work would stand. It has been demonstrated that three 
cuts with a carriage traverse of 6 per inch has produced certain work 
in 9 minutes that required 13 minutes to turn in one cut, because the 
work was so frail that with one cut no faster feed than 32 per inch 
could be taken. The rough-ridged surface was readily ground by 
taking 1 minute more than when the turning was finer, the net saving 
for the job being 3 minutes. In many cases the ridged surface 
requires no additional time. 


1 or Cxirs From Mopern GRINDING WHEEL 


Note the resemblance of these fragments to lathe chips 


13 In another case where the work was quite firm and was |ving 
revolved at a very high speed with a view to getting everything possi- 
ble from the high-speed tool, the turning required 5 minutes ari the 
grinding 1 minute. A change was made in the feed of the lathe so 
that without revolving the work any slower it was turned in | minute, 
leaving a very crude, crooked and bad-looking piece of lathe work. 
The grinding then required 2 minutes, but the net time saved was 8 
minutes. Did it matter how bad a looking lathe job it was \ the 
finished work was perfect and 3 minutes was saved? 

14 There is a rich field for engineers and managers in conn: tion 
with the lathe and modern grinding. Recent lathe designs provide 
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for high speed of revolution, with sufficient power, quick change to 
and from back gears, and sufficient rigidity to utilize to the limit 
high-speed steel; but much work is not of sufficient rigidity to permit 
the maximum use of the tool at fast traverse and deep cuts. In addi- 
tion, there are thousands of lathes of old design that will not be 
thrown away at once. There is, therefore, an opportunity to get 
much more out of present plants by cheaper turning, because of grind- 
ing. 

15 Developments warrant the conclusion that we should no 
longer assume that simply because a tool is a grinding wheel it cannot 
remove metal and size and shape work as quickly as a steel tool. 


Many of the particles are melted by the heat generated in grinding 


Fig. 2. MicrorpHoroGRAPH OF FRAGMENTS FRoM Emery WHEEL 


Rather, we should use the steel tool when it can be made to remove 
metal, size and shape work most cheaply, and the grinding wheel 
when it excels. It is no longer to be taken as a matter of course that 
we can turn, plane and mill faster than we can grind. After all, the 
teal reason we remove metal is to accomplish certain finished results, 


hot simply to secure a certain number of pounds of chips in a given 
time. Before long I think all progressive engineers will understand 
that loth the grinding wheel and the steel tool have their place for 
metal cutting. The old thought of abrasion must give way to the 
hew thought of cutting. 
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16 While it is still true that poor wheels or good wheels poorly 
selected and wrongly used will remove metal very slowly by 
abrasion, it is also true that the old-fashioned milling cutter, with 
fine teeth cut by hand with a file, hardened but never ground, and 
used in the old-time slender milling machine, would very slowly 
abrade the surface. The modern grinding wheel, used in a modern 
machine by a modern man, is just as surely a milling cutter as if it 
were made of steel. 

17 ‘The microscope reveals the fact that such a wheel cuts off 
chips. Fig. Lis from a microphotograph and clearly shows the chips 
that are as surely cut off as those made with a steel milling cutter. 
The grinding wheel used was a modern one made of crystalline alumi- 


num oxide, 


Fia. 3 Kia. 4 


First Two STAGES IN THE GRINDING OF AN AUTOMOBILE CAM — 


18 Fig. 2 is also from a microphotograph and shows the result of 
the old-fashioned abrasion described by Webster as grinding to 
powder. Here we see the effect of great heat, the greater part of 
the powder being in the form of globules. This is magnified to the 
same extent as the other photograph and shows the vast difference 
between the old-time abrasion to powder and the present cutting 
chips. A large part of the energy put into work was wasted in heat, 
as shown by the very small globules in Fig. 2. The wheel used for 
Fig. 2 was an emery wheel like those referred to in Appleton’s (yclo- 
pedia of 1893. 

19 The grinding wheel as now made is really a milling cutter with 
millions of cutting teeth. Although these teeth are not as large 
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or as strong as the teeth of a steel cutter and therefore cannot cut as 
deeply, yet they are capable of cutting at much greater speed. Since 
there are so many more of them they are capable of much more work 
in a given time when the nature of the work is such that a large 
number of these cutting points can be used simultaneously. In some 
cases We Can use as many as two billion cutting points per minute. 
Eight-hundred million per minute is not uncommon and four hundred 


| million per minute is very common. 

20 ‘The modern grinding wheel, mounted in a good machine, can 7 

be used at a cutting speed of 6000 or more surface feet per minute 

; and owing to this high speed it need not cut deeply relative to the - 
; rigidity of the work. ‘Therefore it is able to remove metal from many 7 


forms of work more quickly than the milling cutter or the lathe tool. 


| 
Fia. 5 Fia. 6 


Last Two StTaGEs IN THE GRINDING OF AN AUTOMOBILE (AM 


21 The accompanying illustrations show a notable example. Figs. 

3,4, 5 and 6 show the process of making automobile cams. An order 

for a hundred of these cams was received and our shop superintendent 

began to provide means for producing them at the lowest possible 

. cost. It is evident that drop forgings for so few would be out of the 
M question, as the expense of dies would make the cost of the cams pro- 
hibitive. It was therefore necessary to devise means for producing 
them from the bar stock. This was done by providing an eccentric 
chuck for the automatic screw machine. To prevent the bar from 
turning in the chuck while feeding forward, the spline was made the 
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full length and a mating key was placed in the chuck. Pieces like 
Fig. 3 were made in the automatic machine at the rate of 10 per 
hour. A keyway in the hole was made in the ordinary way, Fig. 4. 
These blanks were ground to rough shape, Fig. 5, at the rate of 10 per 
hour. ‘The cams were then hardened and finished ground to Fig. 6 at 
the rate of 40 per hour. It should be clear that such a cam could not 
be milled to shape from the blank in nearly so short a time with the 
milling cutter. When manufacturing such cams in large numbers 
drop forgings would be used, and here again the grinding wheel 
is quicker than the milling cutter. 

22 Another case where the grinding machine can accomplish the 
results desired in less time than the lathe is that of the pins and bear- 
ings of the automobile crankshaft. The results desired are as follows: 


Fic. 7 Dovusie Cam Grounp rrom Rouen Stock 2 IN. DIAMETER 
Five bearings, all round within 0.00025 in.; the axis of all parallel 
and exactly in line; all of the right length within 0.004 in.; distance 
between bearings within 0.004 in.; accumulated error not over 0.008 
in. Four crank pins, all round within 0.00025 in.; the axis of all 
exactly parallel; all to length within 0.004 in.; all parallel with the 
bearings; all within 0.005 in. of the same plane; all of correct 
throw, within 0.010 in.; overall length, accumulated error not over 
0.008 in.; all fillets correct radius and exactly concentric wit! the 
bearings and pins; all bearings and pins straight within 0.00025 in.; 
and all a good, smooth surface. 

23 In the case of cranks designed with clearance for the arms of 
the cranks, as shown in Fig. 8, the width of the wheel is identica! with 
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Pins rough ground 


Fie. 8 SraGes IN THE GRINDING OF AN AUTOMOBILE CRANKSHAFT 


the required length of the pins and bearings, so that no measuring 
or setting of the tool is necessary for cutting to length. The act of — 
grinding cuts the bearing or pin the right length and forms the fillet 
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The tees ation of the pins and bearings within the small limits allowed 
is accomplished by a massive index bar, so that the workman does no 
measuring whatever for location of bearings or pins. The entire 
time of handling and producing these five bearings and four pins 
from the rough forging to the nicely-sized and finished condition is 
85 minutes. It is clear that when all the conditions of the finished 
work are considered, the grinding wheel and machine have removed 
metal faster than the lathe. Again, it is not simply a case of removing 
pounds of metal per hour, but the removal of it in such a manner 

-as to accomplish certain results in the least time. 
24 The ends of these shafts beyond the bearings are turned before 
stony The entire list of operations to make a finished shaft 

from the forging is as follows: 


Cut off ends and center } minutes 
Rough bearings..... minutes 
Turn minutes 

minutes 
Finish lad pins.. minutes 
Finish grind bearings and endS.....................6.-- 25 minutes 


minutes 


A little time could be saved if it were practical to secure forgings 
with pins and bearings 1§ in. in diameter over their entire length 
instead of with the depression to 14 in. between shoulders, asthe 
wheel can be forced more rapidly when the face has the same amount 
of work to do as the fillets. Here again tradition is strong and diffi- 
cult to change at once, because the depression is better for those who 
turn the work. A little coéperation would save on dies and time 
in grinding. 

25 There are hundreds of other cases where the grinding w!icel 
is used to remove metal in a more economical manner than with st ccl- 
cutting tools, some of which are shown in Figs. 9 to 20. 

26 Automatic grinding is a late development in the field. cr- 

tain work of which large numbers of pieces are made is groun’ by 
wholly automatic means. The work is conveyed to the mac! ine 
by gravity in a hopper or chute and is chucked, ground and delivered 
to the receptacle. In a case where formerly, at piece work, 300) per 
day were ground, the automatic machine grinds 4 in a single mii ite, 
about 2300 per day. 
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27 When the knowledge of grinding becomes more common and 


the opposition to increased production on the part of the workmen 
shall have been more nearly overcome, the field will be still more 
extended. It is worthy of more systematic coéperation and if we 
get together we will be rewarded with success. The engineer is the 
one who by education and training is best fitted to take up the impor- 
tant question of the field for grinding. 


Grind 


Fic. 9 SaHarr—HaMMERED FORGING 


Weight, 8000 Ib.; stock removed, 0.025 in.; limit, 0.001 in.; time, 6 hr. (8 hr. 
including handling) 


” 
35 0.00025 limit 
Fic. 10 0.30 Carson STEEL 


Stock removed, ,'; in.; limit, as noted; time, 1 hr. (including setting up) 


| 


Just Cles No Limit 
No Limit No Limit ust Clean 


Fig. 11 Larue STEEL, HARDENED 


Fig. 12 Piston Prn—0.15 Carson Steet, HARDENED 


_ “tock removed, 0.015 in.; limit, 0.0005 in.; time, 60 pieces per hr. 
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Hard Chilled Face 


Stock removed, } in.; time roll face, 24 hr.; previous lathe time, 12 hr. 


Hard Chilled Face 


Fig. 19 CHILLED RoLL—CHILLED [RON 


Stock removed, } in.; time roll face, 7 hr.; journals and ends, 3} hr.; total, 
104 hr.; lathe time for same work, 23 hr 


Fic. 20 Piston Pin—-Macuine STEEL, HARDENED 


Stock removed, 0.015 in.; limit, 0.0005 in.; time, 25 pieces per hr | 
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28 Grinding is ~~" rather than an exact mechanical operation. 
It is an art of such recent growth that relatively little is known about 
it or its possibilities. In the development of the grinding machine 
from the early beginning, as described in the historical article in 
Machinery of July 1910, to the present well-known makes of univer- 
sal and plain grinding machines, the successive steps that have been 
taken toward reaching stability and convenience in the machine form 
interesting chapters of mechanical history, since they show, as well 
as any class of machines, the tendency of the times. 

20 In speaking of grinding as an art,I mean that it contains ele- 
ments in which the judgment and experience of the operator count for 
a great deal. While in a general way the manufacturer or the skilled 
operator is able to give instructions for the running of the machines, 
yet conditions arise which make it necessary to vary from these instruc- 
tions in order to obtain the best results. To instruct an operator 
to use a given wheel and speed would make it possible for him to 
obtain any one of the three results. When ground with a wheel 
surface that is not true a piece looks as though it had been gouged ; 
upon a grindstone, while with a wheel surface that is true it gives a 
dull finish and shows the wheel marks. The latter is what we 
consider commercial grinding. When this same wheel has been 
run so that the points of the abrasive become somewhat dull, we | 
obtain a highly-finished surface. All these results are possible with | 
the same wheel under different conditions. 

30 Most of us are interested in two classes of grinding. Oneisthe 
occasional grinding such as we find in the tool room and in the shop © 
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where one or two pieces of a kind are made and where accurate fits 
are demanded. The second is the manufacturer’s problem where 
not only must the nicest accuracy be obtained but where the 
rate of production is an important consideration. In the first case 
the question of cost does not enter so deeply into the problem, al- 
though it is always to be considered; and one machine, specially de- 
signed to do a certain class of work, is often compelled to answer the 
necessities for work to which it is not well suited. In the second 
case, however, the best results as to efficiency and production are 
obtained by having a machine of the proper size. It must beunder- 
stood from the first that whether the machine is large or small it 
must be sufficiently heavy and stable enough to do the work it is 
called upon to do and it must be so designed that it can readily be 
operated. This latter element of convenience must be provided for 
even more carefully than in many other classes of tools, because much 
of the work done in the grinding machine is of such a character 
that the operations of putting in and taking out consume almost as 
much time as the grinding. Moreover, a grinding machine must 
have sufficient rigidity to preserve its alignment, which must be of a 
high grade from the first. Unless the machine is capable of pro- 
ducing true work its value is lost, for the grinding machine must not 
only finish work but also rectify it to a degree of accuracy that we 
cannot in reason look to a lathe or other type of machine to furnish 
commercially. 

31 The principles of grinding, in the main, are not difficult to grasp, 
and the time that would be required of the ordinary chief operator 
in grasping them is not excessive. But the work does require such 
attention and knowledge of the results that can be obtained, coupled 
with the skill acquired by experience, as to class it with the Arts. 
In the early days it seemed quite necessary that for every different 
piece of work we should have a different wheel. Later it was found 
that a given wheel would give satisfactory results on various kinds of 
work by varying the speed of the wheel, the speed at which the work 
was run, or the feed of the work, so that one wheel answered a great 
variety of purposes. There have been changes in abrasives and we 
are getting today a far better quality of wheel than was _ possible 
some years ago. The grading of wheels has very much improved, 
and although in the writer’s opinion it is not possible to obtain an 
absolute grading, this element has been reduced to such a nicety that 
it need not be taken largely into account by the average operator. 

32 The first use of the grinding machine as we know it today 
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was to correct slight errors that were impossible of eradication by 
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means of the file and emery cloth. ‘Today the grinding machine 
rectifies these errors and in addition finishes work for appearance 
and fit in a relatively cheap manner. 

33 After the proper machine has been selected, the choice of wheels 
requires some specialized knowledge which the makers of machines 
and wheels are in a position to furnish to an extent that many of the 
users of machine tools are probably not aware of. When the proper 
wheels and gradings are once established for a given line of work their 
subsequent use is very easy. 

34 The question of speeds and feeds is also the result of experience, 
and suggestions from the manufacturers will help users to a great 
extent in obtaining satisfactory results. The cutting operation of 
the wheel was well shown in an illustrated article by Messrs. Gribben 
and Warman! where the microscopic photographs showed that the 
chips somewhat resembled those made by a lathe tool. It is only 
under proper conditions, however, that these results can be obtained. 
The wheels must be true and they must not be forced into the work 
to too great an extent, for this produces a torn effect upon the work, 
which is to be avoided. ‘ 

35 In considering a piece of work to be done, first of all the ques- 
tion arises as to the size and the limits suitable for the purpose for 
which it is intended. Table 1 gives the limits used at the Brown & 
Sharpe Mfg. Co.’s works for varying conditions. There are special 
cases where it may be necessary to increase or to decrease these limits, 
and this table is not offered as the final word but as a guide towards 
selection. 

36 The second necessity is that sizes should be established to which 
the work should be rough turned ready for the grinding room. In 
our works, as in all factories, the aim is to produce the desired results 
as cheaply as possible. Our desired ends have been accuracy and 
nicety of finish where the parts ground are for fits, and nicety of finish 
where no fit is required. To do this work as cheaply as possible we 
believe that it is economical to turn the pieces to about the sizes 
indicated in Table 2. It will be noted that we allow from 0.008 in. 
t) 0.012 in. in diameter, an amount easily obtained by the ordinary 
class of lathe help. In order to make this work as easy as possible for 
t\o lathe department, we furnish the limit gage shown in the sketch. 
Vo areaware that practice varies on this point, and we have thoroughly 
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TABLE 1 GRINDING LIMITS FOR CYLINDRICAL PIECES* 


As Apoprep By Brown ANp SHarpE Mra. Co. 
RUNNING FITS—ORDINARY SPEED 
To 4$-in. diameter, 0.00025 to 0.00075 Small 
To 1 -in. diameter, 0.00075 to 0.0015 Small 
To 2 -in. diameter, Small 
To 3}-in. diameter, Small 
To6-in. diameter, Small 


RUNNING FITS—HIGH SPEED, HEAVY PRESSURE AND ROCKER SHAFTS 


To }-in. diameter, to 0.001 Small 
To l1-in. diameter, to 0.002 Small 
To 2-in. diameter, : to 0.003 Small 
To 3}-in. diameter, .003 to 0.0045 Small 
To 6 -in. diameter, .0045 to 0.0065 Small 


. diameter, i 5 to 0.0005 Small 
. diameter, to 0.001 Small 
. diameter, ; to 0.002 Small 


. diameter, ; to 0.0035 Small 
To 6 -in. diameter, to 0.005 Small 


To }-in. diameter, Standard to 0.00025 Small 
To 1 -in. diameter, Standard to 0.0005 Small 
To 2 -in. diameter, Standard to 0.001 Small 
To 34-in. diameter, Standard to 0.0015 Small 
To 6 -in. diameter, inc Standard to 0.002 Small 


DRIVING FITS—FOR SUCH PIECES AS ARE REQUIRED TO BE READILY TAKEN APART 


To 4-in. diameter, Large 
To 1 -in. diameter, Large 
To 2 -in. diameter, ; 75 Large 
To 3}-in. diameter, 


Large 
To 6 -in. diameter, Large 


To }-in. dt ter, 
To 1 -in. diameter, 
To 2 -in. diameter, 
To 34-in. diameter, 
To 6 -in. diameter, 


Large 
Large 
Large 
Large 
Large 


To }-in. diameter, 0.00075 to 0.0015 Large 
To 1 -in. diameter, 3 0.0015 to 0.0025 Large 
To 2 -in. diameter, 0.0025 to 0.004 Large 
To 3}-in. diameter, 0.004 to 0.006 Large 
To 6-in. diameter, 0.006 to 0.009 Large 


SHRINKING FITS—FOR PIECES TO TAKE HARDENED SHELLS f-1N. THICK AND LESS 


To 4-in. diameter, 
To 1-in. diameter, 
2 -in. diameter, 


Large 
Large 
Large 
Large 
Large 


To 34-in. diameter, 0.0015 
To 6 -in. diameter, 0.002 to 0.003 


SHRINKING FITS—FOR PIECES TO TAKE SHELLS ETC., HAVING A THICKNESS OF MORE THAN [-IN. 


To 4-in. diameter, 0.0005 to 0.001 Large 
 Tol-in. diameter, : to 0.0025 Large 


To 2 -in. diameter, Large 
To 3}-in. diameter, Large 
 To6-in. diameter, Large 


To 4-in. diameter, Standard to 0.0005 Large 
To 1 -in. diameter, Standard to 0.00075 Large 


To 2 -in. diameter, Standard to 0 001 Large 
To 34-in. diameter, . Standard to 0.0015 Large 
To 6 -in. diameter, Standard to 0.002 Large 
To 12-in. diameter, Large 


* The limits given in the table can be recommended for use in the manufacture of machine parts 
to produce satisfactory commercial work. These limits should be followed under ordinary cond!- 
te. Special cases should always be considered, as it may be desirable to vary slightly fron the 
tables, 
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endeavored to try out the plan of allowing correct limits, but we have 
found it fully practicable to hold the lathe to the limits given. By so 
doing we obtain the finished product free from all tool marks and at 
what we believe is the minimum cost. 

37 Figs. 21 to 26 show some samples of commercial grinding taken 
from actual practice for the purpose of giving an idea of what can be 
done in a commercial way, as well as to give some definite data as to 


speeds, feeds, etc. While it is perhaps not possible to give a rule that 


TABLE 2 LIMIT GAGES FOR LATHE WORK 


Size NotGoOn Go On Size NotGoOn Go On Size NotGoOn Go On 


Inches Inches Inches 


~ 


will fit all work, these plates should suggest ideas that will help in 
producing the work as well and as cheaply as this has been done in 
the cases shown. When enough pieces of any one kind are to be 
made it is possible to specialize to a higher degree than can be done 


‘he general run of work, and better results may be obtained than 
are shown here. 


>’ The examples of commercial grinding given in Figs. 21 to 26 illus- 


_ chu work on thevariety of pieces indicated, which are of various mate- 
_Tia's, both softand hard. A reversal of the usual rule, where economy is 
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gained by having one man operate more than one machine, is shown 
in Fig. 26, where work is most economically produced by using two 
men to run one machine, that is, having one man to operate it and a 
helper to drive the work on and off the arbor. All other data are 
based on one man to a machine. 

39 These pieces passed inspection within the limits given. The 
average loss from work of this class coming below the required limit 
or being otherwise spoiled is less than } of 1 per cent in our grinding 
department. 
| | 40 Figs. 27 to 33 are each notated to show the peculiar features 


- 
e 


that exist in the work, together with the data that may be of help in 
deciding upon other work of this class. 


0.629° 
Fic. 27 PLUNGER—CASE-HARDENED 


These pieces are ground at the rate of 145 per hour. Only a small amount, 
: 0.006 in., is taken off to prevent grinding below the case-hardened surface. 
Ground on No. 11 plain grinding machine. As this piece is only about 1 in. 
long it is quite difficult to handle, and this somewhat reduces the output. 
An elastic wheel, 36 grade 5, is used; speed of wheel, about 6000 ft. per min.; 
_ speed of work, about 35 ft. per min. 


Fic. 28 Bronze BusHING 


These bushings are ground at the rate of 30 per hour. Ground on No. 12o0r 
No. 14 Plain Grinding Machine. 

About 0.020 in. of stock is removed from the diameter. A 54 grade M Amer- 
ican wheel is used; speed of grinding wheel, about 6500 ft. per min.; speed of 
work, about 70 ft. per min. 
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a) MODERN GRINDING METHODS 


By B. M. W. Hanson, Hartrorp, Conn. 


Member of the Society 


41 One of the oldest, perhaps the oldest, means for reducing mate- 
rial for the purpose of giving it the desired shape, is by grinding. Our 
ancestors ground their stone axes and arrow points against a rock, 
by rubbing them back and forth. The next advance in grinding was 
probably the revolving of a stone on an axle turned by a crank. It 
was soon discovered that by having water running on a stone, the 
grinding could be done faster. This discovery was probably made by 
accident, since at that time nobody would have thought of the reason 
so long as results were obtained. 

42 Grinding had then advanced to a point where the grinding 
member revolved in a fixed position, but the piece to be ground was 
held in the hands of the operator, and by manipulating it at different 
angles to the grinding surface, a shape was obtained which met the 
requirements reasonably well. The art seems to have remained at 
this stage fer centuries and not until the lathe and other machine 
tools had been in use for a long time was it thought to hold the piece 
of work in a fixed position against a revolving grinding member also 
having a fixed position. 

43 The grinding machine as now used is of comparatively recent 
origin, within the memory of men now living. The first grinding 
machines suggestive of modern methods of grinding were made in 
‘England and America, but it is in America that they have reached 
their highest development. 

_ 44 The invention of emery wheels made it possible to make fairly 
rapid progress with grinding processes. At first very little work was 
ground which could be machined and filed. The process of grinding 
was confined to pieces of hardened steel, but after awhile it was dis- 
covered that unhardened pieces could be machined and finished more 
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accurately and cheaply by the grinding process than by finish turning 
and filing. 

45 The grinding machine for cylindrical surfaces was developed to 
meet all strains and forces due to the cutting power of the shellac 
emery wheel; but when corundum and carborundum wheels were put 
in use it was found that the machinery was not quite strong and heavy 
enough to resist their cutting power or to resist the vibration. Within 
the last few years great improvements have been made notonly in the 
cutting quality of grinding wheels, but in the design of the machines 
themselves; in fact, grinding machinery has become a formidable 
competitor of the lathe and milling machine and seems to be quite up 
to the cutting capacity of the wheels. 

46 The designers of grinding machinery have had a good many 
problems to solve. Different materials require different speeds and 
on the modern grinding machine there must be various speeds for the 
grinding member as well as for the traverse movement of the work; 
and for the revolution of the work in the case of the cylindrical 
grinder. Machines must be designed with water pumps, and the work- 
ing parts must be protected from water as well as from the grit which 
comes from the grinding wheel. The grinding member usually moves 
at a high rate of speed and must have carefully designed bearings 
which will run freely, yet not allow any back lash, as true surfaces 
ean only be obtained when the work and the reducing member move 
against each other in fixed positions. Most of these difficulties have 
been met and further refinements are constantly being made. I will 
give a few illustrations of such improvements further on. 

47 The grinding machines now used can be divided into two large 
groups;.machines for cylindrical grinding and machines for grinding 
flat surfaces. Cylindrical grinders are well known and have been 
highly developed by four machine-tool builders in this country. The 
other style of grinder, the surface grinder, is best known as a planer 
type machine, with a wheel grinding on its periphery, and fed across 
the surface in much the same manner as a tool is fed across the surface 
on a planerorshaper. Another type is the vertical surface grinder 
with a cup-shaped wheel working in much the same manner as an end 
mill on a vertical milling machine. 

48 In doing work on lathes or milling machines, it iscomparatively 
easy to reproduce several pieces to the same dimensions by adjust- 
ing the machine to asize. This is possible because the reducing mcm- 
ber, which is the turning tool, will resist wear for a considera)le 
length of time without making any difference in the size of the work. 


| 
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With grinding machinery this is more difficult since the reducing 
member is constantly wearing away at a rapid rate. For very close 
work it is necessary to readjust the machine for every piece to be 
ground, which of course requires skill and time. 


Fie. 34. View sHoOWING Device (At .1) FoR CYLINDRICAL GRINDER, AND 
Maoner (at B) THROUGH THE OPERATION OF WHICH THE FeED 1s CoNTROLLED 


49 The devices shown in Fig. 34 are of such construction that they 
control the size of the work, no matter how much the reducing mem- 
ber wears way. When the work has reached the desired size, which 
can be predetermined by suitable adjustments, the machine will auto- 
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matically throw out the feed and new pieces can be put in, one after 
another, and these will be automatically ground to practically the 
same diameter, say within one-quarter of a thousandth of an inch. 

50 This result is brought about by controlling the feed of the 
reducing member electrically. The mechanism of the controlling 
device is shown in Fig. 35. The lever A carries a smooth-pointed dia- 
mond which bears against the work W at a and at its other end is 
the point b for electrical contact. There is a second lever C with con- 
tact points atc, andacontact point d isattached to the frame. Asthe 
diameter of the work is reduced the long arm of lever A drops until 
point b touches the contact point at c, which, through an electrical 
connection changes the feed of the wheel and causes it to move against 
the work at a slower rate. When the work has been reduced to size, 


35 View sHOWING MECHANISM oF SizING Device 


lever A drops still further, carrying with it lever C, until anelectrical 
connection is established between points c and d which throws out the 
feed. 

51 It will easily be seen that an operator can manipulate more than 
one of these machines and that by their use less skillis required to get 
uniformity of size. In this design the size of the workiscontrolled by 
contact with the work itself, which is the preferable way, but the sume 
results could be obtained by contact with the reducing member. ‘This, 
however, would be more difficult because of the coarseness of the re- 
ducing member and its ability to wear away the contact point faster 
than does the work. — 
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52 Another recent device is the back rest, shown in Fig. 36. It 
has been found necessary to support the work as rigidly as possible 


Fie, 36 ViewsHOow1NG BackiREst 1N,PLACE; ALSO OVERHEAD DruM, WHICH 
IS MADE AN INTEGRAL PakT OF THE MACHINE 


throughout its length, but as the work is constantly being reduced in 
diaieter, the back rest must be kept in contact with the work either 
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by hand or automatically, and hand adjustment requires consideral)le 
skill. In the device shown it is accomplished automatically, the 
back rest advancing at exactly the same rate that the diameter of the 
work is reduced by the wheel; and as it advances, the back rest mem- 
ber is locked solid, making it impossible to spring it by the wheel 
- pressing against it when traveling across. 
53 This view also shows the overhead drum, which is made an 
integral part of the machine. The main drive for the machine is 


Fig. 37 Back Rest, Destanep To THE WorK AS IT IN 
DIAMETER AND TO LocK AUTOMATICALLY AGAINST THB PRESSURE OF THE 
WHEEL 


by single belt to a short shaft at the base, from which the drives 
- for the wheel and the drum are belted. This arrangement avoids 
a complicated overhead countershaft and enables the operator to 

change the speeds and manipulate the various mechanisms with 


54 The operation of the back rest will be understood from Fig. 37. 
The arm A which supports the work is held in contact with the work 
by means of the weighted lever B, fulerumed in the frame. 
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DRIVEN BY A 40-H.P. 


Fic. 38 Surrace GRINDER, 25 1N. BY 601N., 30-IN. WHEEL: 
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against the adjusting screw D at point C and causes the arm to slide 
- in an upward direction on pin EZ. As lever B is depressed a roller 
F travels downward into the V-shaped space formed by the upper 
surface of lever B and the lower surface of the casting G, this roller 
preventing any upward movement of the lever and consequently any 
‘movement of the back rest away from the work. 
55 As said before, surface grinders have usually been made with 
the wheel grinding on its periphery and in some instances it may be 
"necessary to continue to do work on this principle, as grooves and 
irregular shapes sometimes have to be groundand the thinness of the 
wheel makes it possible to get into narrow places; but when flat 
surfaces are wanted, the cup-shaped wheel has taken a foremost 
- place in grinding. The wheel covers the whole width of the work at 
once and water is forced through the center of the spindle, centrifugal 

_ foree throwing the water outward and compelling it to pass between 
the work and the wheel. It is astonishing with what rapidity work 
can be reduced to a flat surface under this process. 

56 This method of grinding would never have been successful 
if it had not been for the advancement in wheel making. The wheel 
problem in connection with the machine has been most difficult. 
It has been found very essential to select the right kind of wheel for 

different classes of work and for different materials. For grinding 
steel, either hardened or soft, corundum wheels have proved the best 
and for grinding cast iron the carborundum wheel has proved the 
_ best. The different degrees of hardness must be taken into considera- 
tion when the width of the surfaces to be ground varies. 

57 The makers have decided to place on the market a much larger 
_ machine of this type than they have made before, shown in Fig. 38. 

_ This machine has a table stroke of 6 ft., and can grind a piece 6ft. 
long and about 25 in. wide. It can also grind circular rings and disc 
surfaces up to 30 in. in diameter. The wheel has a diameter of 30 
in. and the whole machine is driven from a single belt by a 40-h.p. 
motor. As this machine has just recently been built, its capability 
is not fully known, but for work that has already been tried it shows 

very encouraging results. For such work as grinding guide bars, 

_ Slide valves and link motions for locomotives, large stamping dies 

such as are used in electric works, facing automobile cylinders and 
automobile engine frames, I believe it will show its superiority over 
any other method by several hundred per cent. In one of the trials 
a surface of cast iron, 6 ft. long and 20 in. wide was reduced in thick- 
ness 0.01 in. in five minutes, leaving an excellent finish and an exact 
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Fic. 39 ExampLes or Grinpin@: No. 1, Pressep Sreet, 15 per HOUR; No. 
2, MALLEABLE IRON, 15 PER HOUR; No. 3, MALLEABLE IRON, 12 PER HOUR 


Fic. 40 


EXAMPLES OF GRINDING: CHUCK PLATES, GROUND BOTHSIDES, 6-IN. 
HOUR; 9-IN. 15 PER HOUR; 12-1N. 10 PER HOUR; VISES, GROUND ON TWO 
EDG! -, TOP AND ONE SIDE CLEANED ONLY, 20 PER HOUR 
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flatness. In fact when tested no point in the surface showed out. of 
truemore than0.0005in. In grinding steel this type of surface grisder 
produces chips that look very much like metallic wool, which seeis to 
indicate that when a cupped wheel passes over the work, the chips 
are made by theouter edge of the wheel in the same manner as chips 
produced by the outer edge of an end milling cutter. If the chips were 
made underneath the broad contact surface of the wheel there would 
not be room for them to curl up in the small places which are left 


Fic. 41 Examp.ues or Grinpina: No. 1, Cast Iron, 15 10 20 PER HOUR; No. 
2, Cast Iron, 60 per HouR; No. 3, Cast Iron, 25 PER HouR; No. 4, ALUMINUM, 
30 PER HOUR 


between each cutting particle of the grinding wheel. The largesur- 
face in contact with the work simply smooths the surface. 

58 The table on these machines is provided with different feeds. 
It is difficult to make an exact rule as to what feeds to use for di‘fer- 
ent materials, but the operator can determine this by running the 
machine a few minutes. The difficulty lies in the fact that wheels 
supposed to be made to the same specifications, vary considerably 
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M. W. HANSON 
and consequently the feed has to be regulated not only to suit the 
material being ground but also to suit the cutting ability of the wheel _ 
tobe used. At the present time it is safe to say that grinding machin- 
ery is fully developed to the cutting capacity of the wheels and there 
will probably not be any essential changes until the grinding wheels 
have reached a higher development. 

59 In Figs. 39 to 42 several photographs are shown of work which 
has been ground on vertical cupped-wheel machines. In some in- 


6 


. 
Fig, 42 Exampie or Grinpine: Appinc Macaine Frame, Cast Iron, 
15 PER HOUR 


stances such as in the production of small gun parts, like hammers 
and triggers, the work has been done from fifteen to twenty times 
faster than it can be milled and it has a smoother ‘and more accurate 
surface. This is especially true where the surfaces are not too wide. 
60 To give an idea of the capacity of a grinding machine having 
a cupped wheel for grinding flat surfaces, compared with agrinding 
machine having a wheel grinding on its periphery and working on the 
principle of a planer, it is worth while to note the following: 
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61 The traversing speed of the work or the work table ¢:n be 
assumed to be the same. If a piece is 6 in. long and 3 in. wide, the 
machine grinding on its periphery will take about 48 strokes to over 
the surface, assuming 1's-in. feed for each stroke. The cupped-wheel 
machine will do the same amount of work with one stroke or in about 
ay the time. These proportions are essentially true on hardened 

7 steel or on any kind of work where a nice finish is required. : 
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DISCUSSION ON GRINDING 


A. L. DE Leeuw. The papers on this subject read before the 
Society are certainly opportune. Of all engineering subjects, that of 
machine tools has been most neglected; and of all machine tools, 
not one is less known and understood than the grinder. Thisdoes 
not mean that there are not a few men who know how io get good 
results from the grinder, but that most men look upon it with sus- 
picion. They are willing to acknowledge that grinding is a good 
thing in some cases, but not knowing anything about the subject 
themselves, they: cannot be expected to be very enthusiastic. 

Some books have been written on grinding and grinding machines, 
but even the fact that they have been printed on thick paper with 
large type and wide spaces between the lines cannot hide the absolute 
lack of information between the covers. Some articles have been 
written about grinding which give definite information along certain 
lines, which, however, simply tell what has been done, not what can be 
done, nor how it can be.done. 

This sweeping criticism does not apply entirely to some of the liter- 
ature distributed by makers of grinding machines and wheels. In 
such pamphlets, attention is called to the fact that the grading and 
hardness of wheel, the kind of abrasive material and grinder used, 
speed of the wheel, speed of the work, the feed and interrelation 
between all of these items, as also the material, hardness, stiffness 
and what not of the work, have effects on the final result, and that 
any of the above-mentioned items and several others not mentioned 
must be modified as soon as any of the others is changed, but how or 
why is not clearly stated. These pamphlets are perhaps superior 
and certainly not inferior to some which describe other kinds of tools 
or machinery. In my opinion the literature used by the makers of 
grinders and grinding wheels is the best written on this subject; but 
I believe from a purely scientific standpoint, nothing yet written 
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can be called good. My object in saying this is to point out that 
a void exists, that there is an almost complete lack of definite and 
accurate information as to grinding. 

I believe that the main reason for this condition of affairs lies jn 
the fact that no extensive experiments have been made in regard to 
grinding, except, perhaps, by the makers of wheels and grinders; 
and to them the result of their experiments is valuable private 
property. All our machine tools have passed through the same stage, 
and most of them have only partly emerged, if at all; but practically 
all machine tools, with the exception of grinders, have a relatively 
long history, and the knowledge which we now have on the subject 
of various machine tools has been gradually pieced together from an 
immense amount of experience and a few experiments. The grinder 
has not yet reached this point and this, in my opinion, is the main 
reason why so little definite knowledge exists in regard to it. 

We know something aboit the lathe and we can easily get more 
knowledge because all the elements which enter into lathe work, 
the action of the machine, the action of the work, and the tool, are 
fairly well known tous. A piece of steel is a very definite thing. Its 
shape and hardness can be determined in a relatively simple way. 
The way in which the tool is held in the lathe is very definite and 
obvious. 

On the other hand, it does not seem possible, at least at the present 
time, to produce wheels which are so nearly duplicates of each other 
as two steel tools cut from the same bar and hardened in the same way; 
and even that, we know, is not very easy. Add to this the fact 
that there is no uniformity in the grading of wheels, and it will be 
hard to blame the average mechanic for trying the first wheel that 
comes to hand. 

Though all literature on the subject of grinding wheels empha- 
sizes the fact that great care should be taken in the selection of a 
wheel, and that each particular kind of work and finish calls for a 
different kind of wheel, yet the final recommendation is that such and 
such a wheel is on an average the best for such and such a material. 
Where then shall the mechanic find the information which’ enaliles 
him to select his wheel? Is he supposed to try all the wheels in the 
shop and make observations and select the best one for his job? It 
seems to me that the entire subject is in a state of confusion, except 
perhaps to a few initiated ones. Great stress is laid on the necessity of 
the proper relation between speed of wheel and speed of work. My ex- 
perience has shown me that every mechanic has his own rule for ‘he 
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speed of the work. As far as speed of the wheel is concerned, how is 
the mechanic going to run at the proper speed when he is confronted 
with a machine that has only two speeds, and with a wheel which varies 
from 18 in. down to perhaps 8 in. or 10 in. Some of the examples 
given in the papers presented here give wheel speeds of 7000ft., others 
of 6500 ft., a variation of only 7 per cent. This 7 per cent seems to be 
au item of importance, but what grinding machine enables us to get 
steps of 7 per cent all the way down for wheels ranging from 18 in. 
to 8 in.? 

Again, great stress is laid on the proper relation between width of 
wheel and width of feed; in other words it seems to be necessary to 
have a selective feed per revolution of the work; yet how many grind- 
ers are there which make the traverse of the table a function of the 
number of revolutions of the work, such as the traverse of a 
carriage of a lathe is a function of the number of revolutions of the 
spindle. This is not criticism of the makers of grinders, for with- 
out doubt grinders have been developed more rapidly in the last 20 
years than almost any other machine tool, so that credit rather than 
criticism is due the makers of these machines. The object of this 
discussion is rather to call attention to the many and wide gaps left 
in our knowledge of the subject of grinding. I believe that we 
have not even laid a foundation for such knowledge. A great many 
of the fundamental facts and theories are missing. That this is so 
is brought out strongly by the three papers presented here. All 
are by men who have done much to improve the grinder and to 
introduce new and proper methods of grinding, and who are certainly 
capable of making statements as definite and authoritative as could 
be made by anyone. There is not one instance in all the examples 
given by Mr. Norton where the speeds or feeds, or any of the other 
elements are analyzed, nor is there such an analysis in the examples 
given by Mr. Viall. We see simply final results, but the information 
given does not enable us to duplicate the performance or to improve 
on it. The papers are typical of the condition in which the whole 
matter of grinding is at the present time. 

That the grinder is a great help in the shop and one of the greatest 
factors of economy is indisputable among progressive men of today. 
We have all come to realize that the grinder is not taking work away 
from the lathe, but rather that in former years the lathe was doing 
work which the grinder should have done. 

It is rather remarkable that the. vertical surface grinder lagged 
behind so long, and credit is due to the men who developed this type 
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to its present.efficiency. It is quite natural, when a new typc or 
construction of machine enters the market and when its success is 
proved, to find enthusiasm as to the possibilities of such a machine. 
Such is the case almost universally; and, as a rule, it reacts agaiust 
the new machine, because it necessarily leads to disappointmeiits. 

Mr. Hanson compares the performance of a vertical grinder with 
work done on a milling machine; but he does not specify the kind of 
milling machine on which the work was done, nor the method eim- 
ployed. There is no doubt but that certain work can be done more 
quickly on the grinder than on the milling machine, and that other 
work can be done more quickly on the milling machine than on the 
grinder. For instance, frail work with relatively little metal to be 
removed and where nothing but a flat surface is to be produced is an 
ideal job for the vertical grinder. On the other hand, stocky work with 
much metal to be removed is better adapted to the milling machine. 
If a comparison is to be made between the two machines, it should be 
in relation to work which can be done on either of the two machines. 
Then it should be tried out on both machines, each one the best of 
its kind, with fixtures adapted to the machine, and according to 
the best methods which can be devised for these machines. 

It is entirely beyond my comprehension how the milling operation 
on small pieces, such as hammers and triggers of guns, could be done 
15 or 20 times faster on any kind of machine than it can be 
done on the milling machine, because such pieces can be milled as 
rapidly as the operator can put them in the machine and this is the 
best that could be done by a grinder or by any other type of machine. 
This is no attempt to detract from the value of the vertical grinder, 
and least of all do I mean to say that Mr. Hanson favors the grinder 
at the expense of the milling machine. What I wish to point out is 
that no comparison should be made between the two machines except 
on the basis of selection of the kind of work adapted to each of the 
two types. 

My connection with the Cincinnati Milling Machine Company leads 
me frequently to make recommendation as to the type and size of mill- 
ing machine required for certain kinds of work, and it occasionally 
happens that I recommend the vertical grinder, but it has been my ex- 
perience that wherever a grinder as, well as a milling machine could be 
used for a certain class of work the output on a milling machine 
would exceed that of the grinder. 

Flatirons, such as shown in Fig. 41 of Mr. Hanson’s paper, were 
done at the rate of 160 per hr. on.the milling machine, with a slight!y 
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courser finish than that obtained on the grinder but sufficient for 
the purpose, and at the rate of 105 per hr. with a finish of the same — 
kind as that obtained on the grinder. The superior results are due — 


enable the operator to insert the work while the machine is milling. 


if. A. Ricumonp. In Par. 56 Mr. Hanson refers to the impor- 
tance of the selection of therightkind of wheel. Ithasbeen the writer’s | 
experience that outside of the builders of grinding machinery this — 
subject is little understood. Even some grinding machine builders 
treat the matter as of relatively little importance and often send 
out their machines equipped with grinding wheels wholly unadapted — 
in material, grain and grade for the work they are expected to do. 
In some cases this has resulted in the rejection of the machine _ If 
the builder had understood the principles governing the selection 
of grinding wheels, or had consulted an experienced wheel maker, he — 
could have supplied wheels which would have caused the machine to 
give complete satisfaction. A case of this sort recen'ly came uncer | 
the writer’s notice. A disc-wheel surface grinder had been furnished — 
for grinding some small] high-speed steel pieces. The cus’ omer for 
it impossible to grind his pieces flat, and rejected the machine. 
Before it had been shipped back, a wheel maker happened to visit 
the establishment and became acquainted with the facts. He sup- 
plied a grinding wheel which ground the pieces perfectly flat and the 
machine was promptly accepted and is still in use on this job. Cases © 
like this are of frequent occurrence. } 

Mr. Viall properly says that grinding is an art. An element of : 


this art is the proper selection of grinding wheels. There are three 
principal factors to consider. ‘ 
First, the abrasive material of which the wheel is made. No- 
abrasive has yet been discovered which is equally efficient on all. 
kinds of metals. The crystals of different abrasives differ greatly 
inshape, hardness and toughness. To cut different metals in a lathe, 
we find it necessary to grind the cutting tool to different shapes. — 
Similarly different abrasive crystals are of such shape and structure ~ 
as to make them most efficient on different kinds of metals. For as 
Mr. Norton points out, each particle of abrasive is a minute cutting 
tool. Where a variety of work is being done then, it is necessary o 
use grinding wheels made of different abrasives if a high degree of 
efficiency is to be attained. =, 


ts 
4 

56 
44 
a 


» 
1353 
or jess stock with equal facility and that a fixture can be employed to — . 
{: 
. 
| 
~ 


1354 GRINDING 


Second, we have to consider the hardness of the wheel, and by ‘his 
is meant the tenacity with which the grains of abrasive are held 
together by the bond. Some metals exert a greater tendency than 
others to tear the particles of abrasive from the face of the wheel. 
It is therefore necessary to use wheels of the right hardness, for if the 
wheel is too hard for the work it is intended to do, the abrasive 
grains will remain in place after their cutting points have become 
dulled; and if the wheel is too soft the grains will be torn away before 
they have done the proper amount of work, and the wheel will be 
wasted. Where the area of contact is large between the wheel and 
the work, as when grinding with a cup wheel or a cylinder wheel, the 
hardness has to be adjusted to the work with extreme accuracy. 

Third, is the consideration of the coarseness of the grains of which 
the grinding wheel is made. Generally speaking, coarse wheels will 
cut faster than fine ones, but will give a poorer finish. To combine 
in a degree the rapid cutting properties of coarse wheels with the 
good finish of fine ones, wheel makers now sell combination wheels 
made of three to five numbers. For instance, a No. 24 combination 
wheel may be made of mixed grains ranging all the way from No. 24 
to No. 100. Such wheels were first used extensively for crankshaft 
grinding in automobile factories and are now employed for a great 
variety of purposes. In fact, some wheel makers use a mixture of 
different grains in nearly all their wheels. 

It might seem that the experienced wheel maker could prepare a 
list to show the combination of abrasive, hardness and coarseness, 
which could always be the most efficient for grinding all of the mate- 
rials ordinarily met with in the grinding room. This, however, is 
not the case, because the conditions vary essentially in every plant. 
Take the single case of grinding cast-iron automobiie cylinders. One 
manufacturer of cylinder-grinding machines regularly carries for his 
customers twelve different kinds of wheels of one size. This variety 
is required for several reasons. In the first place there is no standard 
of finish. One plant prefers a medium finish and rapid production, 
while another insists on an absolutely smooth bright finish. There 
is great variation in cast iron. Even individual castings in one lot 
vary in hardness, and castings from different foundries often require 
very different wheels. There are also differences in practice, as in 
the speed with which the work and the wheel are revolved, the rate 
of feed, ete. 

In spite of this diversity of conditions, each plant can readily select 
wheels adapted to its own requirements provided the principles of 
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selection are understood. In every works one man rr given 
charge of the selection of grinding wheels and a list prepared showing 
the wheel to be used for each class of work on each machine. The 
adjustment of speeds and feeds may be left to the foreman or the 
skilled operator. 

Grinding wheel makers usually keep records covering the perform- 
ance of wheels for a great variety of uses and conditions. From these 
data and a knowledge of the principles of selection, they can usually 
recommend grinding wheels of high efficiency provided full informa- 
tion is furnished as to the Gonditions of use. 


G. N. Jeppson.! These papers have clearly shown that the 
modern surface and cylindrical grinding machine must be seriously 
considered by the production engineer and they have also made clear 
that the modern grinding wheel is not the sandstone or emery wheel 
of a few years ago, but a highly developed cutting tool which has been 
scientifically developed for the various conditions under which it is 
to be mounted and the metals it is to cut. 

Great progress has been made in the cutting materials used in 
these modern wheels. The wheel maker first used quartz, emery and 
corundum. ‘These later days have seen wonderful skill in the use of 
the electric furnace. This has given us improved abrasives which 
have made the cutting wheel more efficient. 

I believe that today the wheel is not used up to its cutting capacity, 
because of the fact that but few grinding machines are correctly 
and scientifically designed. The wheel maker has found that the 
temper of the cutting grain itself must also be suitable for the work 
for which the wheel is intended. For instance, an abrasive made for 
grinding a hole may not be at all efficient in a larger wheel on a heavy 
steel casting. The abrasive used on the end of a slim internal 
spindle must be of weak structure in order that it may keep sharp 
under the slight pressure of this grinding operation; while this 
weak structure would not do at all under the impact of heavy work. 

A successful abrasive on cast iron may not be at all efficient on 
steel, so that the maker must have at his command not only the art 
of bonding for different grades of hardness, but must have a full 
line of modern abrasives if he would be in a position to make the 
best wheel for a given purpose. 

Mr. Norton has called attention to the chips from a modern grind- 
ing wheel and also those from an emery wheel, which show clearly 


‘ Supt., The Norton Co., Worcester, Mass. 
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the difference between the wheel of today and that of yesterday. ‘he 
wheel maker finds that he must not only suit the size of his cutting 
teeth and the strength with which they are bonded together to ‘he 
particular metal that is to be ground, but that he must also caleui:te 
the additional strength of the bond necessary to withstand the vilra- 
tions brought about by mechanical defects in the design of the mia- 
chine on which the wheel is mounted. He must still further consider 
the strength of bond in relation to the number of cutting teeth in 
contact with the work; as for instance in grinding on the end of a 
cylinder as with Mr. Hanson’s surface grinder. Owing to the large 
surface of contact each grain has more work to do in a given time 
and therefore dulls more quickly than if the grinding were done on 
the peripheral surface of a wheel and the wheel must be of such 
abrasive temper and so bonded that it will dull slowly. On the 
planer type of grinder, the same work could be done by a hariler 
whee! for the reason that each cutting tooth has less to do and there- 
fore remains sharp longer. 

In reading Mr. Hanson’s paper, I wondered whether he had ever 
considered a surface grinder of the planer type using wide wheels with 
rapid feeds and greater depth of cut. The making of uniforii wheels 
from 12 in. to 60 in. in width is within the limits of the wheel maker. 
Grinding by the cupped-wheel system will always give the mineral 
wool that Mr. Hanson describes, because the depth of cut of the wheel 
on such a broad contact is so small that only hair-like chips are pro- 
duced. Grinding on the periphery of a wheel on the same snetal will 
always give a larger chip, because of the greater depth of cut. 

I firmly believe that a machine of the planer type could be con- 
structed which would use less power, would be more efficient in wheels, 
and would do faster work than any surface grinding machine yet 
devised, and that not until this has happened, will the abrasive wheel 
be brought to its full efficiency on this kind of grinding. 


Henry Hess. My views differ from those of Mr. DeLeeuw since 
I believe that the grinding machine of today is probably as far advanced 
as any other machine tool, although it is true that there is no treatise 
which gives exhaustively the information necessary to secure the 
maximum benefit of grinding. .The same thing is true, however, of 
the lathe, the planer or any other cutting tool. The grinding machine 
handles work of very great variety, finishing it to within less than 
0.001 in. of the size desired and doing it so cheaply that the grinding 
machine competes with the foundry, as proven by some of the crank- 
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shafts illustrated in Mr. Norton’s paper. To expect that any manu- 
facturer of such a tool can give directions to cover this broad field so 
as to enable each operator to make the best use of the machine is out 
of the question. Neither can the manufacturer of the lathe or the 
pianer give such complete information to the users of these machines. 
It is necessary to take the machine and develop its use 

the maximum output for each condition. 

H. M. Letanp. ‘The first grinding machine used in machine 
shop practice in this country was built by Joseph R. Brown, with 
whom I was associated at the time. We were struggling to make 
needle bars and shafts as accurately as required and the lathe with 
the emery wheel adopted for this work was an antiquated method. 

When Mr. Brown applied his scientific skill to the problem, he 
stepped out on an entirely new ground and his achievement has 
done more for the industrial progress of the United States than any 
other one thing I know of. We are now able to turn out hardened 
work with great accuracy and at very low cost. Mr. Norton is 
entirely right in his statement that the engineering faculty of this 
country has not fully appreciated the fact that the grinding machine 
not only does accurate work, but is one of the most economical ma- 
chines we have. The automobile industry is using it extensively 
and is producing the finest work at very Jow cost. 

Mr. Viall shows in his paper the snap gage with a limit of 0.004 in. 
In manufacturing economically, the important thing is to give the 
largest possible limit commensurate with the results required, but 
I do not know of a single instance in our factory where we grind many 
pieces that go into automobiles in which the limit of 0.004 in. is 
permitted. We find that we can grind very cheaply to within the 
limit of 0.002 in. and in some cases even as close 0.0005 in. For 
instance, we use this limit on the camshaft 30 in. long and # in. in 
diameter. It is dogged at one end and ground nearly up to that 
end. After grinding 500 or 1000 of them the operator begins to 
grind the other end and when the two grindings meet they blend so 
well that it is impossible to tell which end has been dogged. A man 
of wide experience in machine shop practice saw this operation and 
remarked that it must require a very expensive man to do such 
beautiful work, but I was able to tell him that the man who was doing 
the work at that time had come from a Michigan farm five weeks 
before and did not know a grinding machine from a lathe when he 
started to do that work. This illustrates most forcibly Mr. Norton’s 
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claim that engineers are not fully advised on the ch cheapness and eco:- 
omy with which the grinding machine can be operated. 


OBERLIN SmitH. The remarks of Mr. Leland in regard to the 
dogging of the work bring up the fact that not enough attention is 
paid to the avoidance of dogging by using a square driving center 
on one end. The work can be fitted to this by using a square center 
punch forced into the usual round countersink. This enables a 
piece to be turned or ground along its entire length without being 
taken from the machine and turned around. 

Where a dead, rather than a live center is used at the driving end, 
as in most grinders, the work can be provided with one or two small 
holes or grooves, a little outside of the countersink, into which can 
enter pegs or jams projecting from a sleeve surrounding and revolving 
upon the dead center. This sleeve would be virtually a part of the 


driving chuck. 


C. H. Norton. No one knows everything about grinding and the 
thought underlying my paper was rather to censure the engineer for 
not knowing more about it and not helping to find out about it. The 
common mechanic is doing the grinding and it is not scientific. We 
ask the engineer to tell us about it. We simply know how to grind 
economically, but we have not time to study the scientific aspects of 
the problem. The automobile would not be in existence as it is today 
if we stopped to consider the points brought out by Mr. DeLeeuw. It 
is time the scientific engineer came in with us. 

It is not necessarily true that a coarse wheel will cut a coarse 
surface. A very coarse wheel with hard enough bond will grind a 
chilled roll so that the surface reflects, and the particles may be as 
large as a finger tip. 

Mr. Hanson speaks of the difficulty of sizing with the grinding 
wheel because the wheel wears. Difficulties are always relative to 
our knowledge of the case in hand. 

In regard to the knowledge of grinding and grinding wheels being 
private property, it is the effort of grinding machine makers every- 
where to make that property public, and the only reason that we do 
not succeed in this is that you do not let us go to your places witli 
grinding machines and let us show you how it is done. 


1B. M. W. Hanson did not desire to present a closure.—EprTor. 
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Mr. Hanson has, I believe, produced a machine which is very 
useful and I believe the cupped wheel for certain things is an ideal 
thing, but I do not believe it is right for everything. To remove a 
large amount of metal, according to our experience, the periphery of 
the wheel should be used, and in the comparison he makes I think he 
did not exactly mean that it is necessary to have a periphery wheel so 
narrow as to require 48 strokes, because if a periphery wheel wereas 
wide as the article to be ground it would be possible to go across it 
once and cover it. That is done on round work, which is merely flat 
work bent around in 4 circle. On work that has bosses on it, however, 
and is difficult to hold, the cupped wheel is ideal, as it assists in 
keeping the material down against the chuck and it is necessary to 
have only the holding ‘member adjusted. But on a continuous 
surface, where heat enters in, it is difficult to get such work flat unless 
the wheel is changed for almost every article that comes to the 
machine. In regard to the various theories about speeds and feeds, it 
was once thought that the speed of a wheel was very important, but 
these ideas were evolved without an understanding of some of the fac- 
tors which are now clear. Certain cutting material does work best 
at certain speeds, however. In some of our work we find that our 
machines work best at 6000 ft. per minute, while some other maker, 
using a different area and having different inertia of parts around the 
wheel might find it better at some other speed. The aim is to keep 
the speed constant. An operator in one case will use a certain speed 
and finish as many pieces in a given time as another operator with a 
different speed. The conditions are usually left to the operator 
and it is noticeable that the production is increasing all the while. 

In regard to requiring different wheels, some makers are sending 
out a great many different wheels because they must suit the whims 
of the foreman. This is the commercial side and accounts for there 
being so many wheels in a good many cases. 

In regard to square centers, the very pith of grinding is accuracy, 
and if any one can revolve a center on a spindle and revolve the spindle 
as a whole and get accuracy for any length of time he is fortunate. 
[t takes power to do work whether it is done with a grinding wheel 
or with a steel tool. 

Combination wheels in which different-sized grains are used make a 
stronger wheel and the average cut of the average grain will be 
obtained. For instance, from a No. 24 combination wheel, 24, 36 
60 and 80, a cut can be obtained that will represent about 60 when it 
does the maximum amount of work. The minimum amount of work 
will give a fine finish, if the wheel is smoothed off in the meantime. 


CLOSURE ' 
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W.A. Veatu. As Mr. Norton has said, grinding is so little uncer- 
stood that it has to be considered an art rather than an exact scir ice, 

Precision grinding, a term which I have used with hesitation, jis 
not a nice detail for the fine tool makers, but, as Mr. Leland brouvht 
out, a cheap way of doing work. Whether the shaft we are grinding 
is to be used as a shaft of a wheel or to be run in a journal, we prefer 
the grinding. In one case a small limit will be used and in anot!ver 
a larger limit, reducing the cost as much as possible. It is econoiny 
pure and simple. 

The limits given in my contribution (Table 2), are not for grindiiig 
work but those to which the lathe work is to be finished for the grincl- 
ing machine. Grinding machine limits vary from 0.00025 in. to 
0.001 and 0.002 in., depending on the purpose for which the surface 
to be ground is wanted. It is evident that Mr. Leland in his dis- 
cussion has misunderstood the use of the snap gage which I showed 
and descrived. The limit of 0.004 in. in these snap gages is a limit 
for turning the work ready to go to the grinding machine and not 
the limit for grinding. 
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FIRST LARGE GAS-ENGINE INSTALLATION IN 
AMERICAN STEEL WORKS 
DESCRIPTION AND OPERATING CHARACTERISTICS OF 


SIXTEEN BLOWING-ENGINE UNITS OF 2000 H.P. EACH, 
- EIGHT ELECTRIC-GENERATING UNITS OF 1000 H.P. EACH 


AND GAS-CLEANING PLANTS 


Member of the Society + 


By E. P. Burrato, N. all 


At siti Buffalo works of the Lackawanna Steel Company i is located 
the first gas-engine power plant to be operated in this country with 
blast-furnace gas. In the following pages it will be attempted to 
furnish a description of the plant, certain details of its operation and 
some data of a quantitative nature derived from observation and 
operation.! 

2 As far as can be learned, the selection of the type of engine was 
made in 1900, based on extended observation by a committee of the 
working of blast furnace gas-power plants in Europe. The types 
observed were the Cockerill, Otto, Oechelhaueser, and Koerting. 
The Oechelhaueser engine was disregarded on account of the crank 
shaft design and the four-stroke cycle engines were not favorably 
considered on account of exhaust valve troubles which did not seem 
to have been mastered at that time. The engines were built by the 
De La Vergne Machine Company, New York, after designs by the 
firm of Koerting Brothers, Hanover, Germany. 


' In the collection and tabulation of various of these data, and other 
matters, the author begs to acknowledge the valuable assistance of the 
following gentlemen: Hugh Boyd, E. E. Kiger, George Conlee, F. C. Baker, 
¥. L. Palmer, F. C. Taylor, R. L. Streeter and Harry Thompson, all of 
whom are, or have been, members of the engineering department of the 
Lackawanna Steel Company. The experience of the author at this plant 
dates from the early part of 1906. 


Premuted at the Annual Meeting, New York 1910, of THe AMERICAN 


Socrety oF MrecHanicaL ENGINEERS. | 
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3 At this plant 12,000 to 15,000 net h.p. is normally developed 
by gas engines operated with blast-furnace gas, the greater portion 
for blowing the furnaces. There are sixteen blowing engines, e:ch 
rated at 2000 i.h.p., and eight electric power units, each consisting 
of a gas engine rated at 1000 i.h.p., direct-connected to a 500-kw. 
generator. Four of these units generate direct current at 250 volts, 
and the other four generate three-phase 25-cycle alternating current 
at 440 volts. All of these gas engines are of the two-stroke cycle 
type, equipped with twin cylinders and cranks spaced 90 deg. apart. 

, A brief general description of the plant used in developing this power 
will first be given, followed by a more detailed description of the 
various parts. | 


GENERAL DESCRIPTION OF PLANT : 


4 The general arrangement is shown in plan, Fig. 1. T 
are six blast furnaces in a line extending approximately north and 
south. These furnaces are grouped in pairs, each pair forming 4 

~ unit with reference to the arrangement of its stoves, ore bins, gas 
plant, and other auxiliaries. A seventh furnace not shown is now in 
operation, but as all of the excess gas from this furnace is burned 
under boilers, it does not concern the subject under consideration. 

5 The blowing engines using gas are located in the two buildings, 

No. 2 and No. 3 blowing-engine houses. The engines in blowing- 
engine house No. 2 furnish air for furnaces 3 and 4. Furnaces 5 
and 6 are supplied with air by the engines in blowing-engine house 
No. 3. The air for furnaces 1 and 2 is usually supplied by steam 
engines located in the north end of blowing-engine house No. 2. 
Considerable flexibility is secured by means of cross connections, 
with valves, between the various cold blast mains. The gas-driven 
electric-generator units are located in the south end of power. house 
No. 1, situated east of blowing-engine house No. 2. 

6 The generation of power at this plant requires three principal 
processes: the production of the gas by the furnaces; the preparation 
of the gas for use in the gas engines, involving cooling, cleaning and 
drying; and the development of power by combustion of the gas 
in the motor cylinders. 

7 The general process of preparing the gas for use in the motor 
cylinders is as follows: the gas leaving the furnace top passes through 
large downcomer pipes to the dust catcher, where the heavier por- 
tion of the dirt is deposited under the action of gravity. From tlie 
dust catcher, portions of the gas pass through pipe mains respectiveiy 
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to the hot stoves, the boilers, and the gas engines. That portion 
used by the gas engines is cooled and partially cleaned by means 
of water sprays in the pipes and chambers through which the gas 
passes; after which it is further cleaned by passing through centri- 
fugal fans into which water is also sprayed. From the fans the gas 
passes through separators which remove the entrained moisture and 
its entrained dirt, and thence under a few ounces of pressure (above 
atmosphere) to the engine houses. That portion of gas going to the 
stoves and boilers receives no further cleaning after leaving the 
dust catcher. - 

8 There are eight blowing engines in each blowing-engine house, 
each rated by the makers at 2000 h.p. In the power house are 
eight engines rated at 1000 h.p. each. © 


FURNACES 


9 The six blast furnaces under consideration produce about 
2600 long tons of iron per 24 hr. er about 108 tons per hr. 
The gas amounts to about 150,000 cu. ft. per ton of iron, or say about 
16,000,000 cu. ft. per hr. or more from the six furnaces. Approxi- 
mately 2,500,000 cu. ft. per hr. is used for the gas-engine plant, the 
remainder being burned in the hot-blast stoves and under the boilers. 

10 Furnaces 1 and 2, located at the northern end, are smaller 
than the others, being rated at about 300 tons each per 24 hr. 
The main dimensions are: hearth diameter, 11 ft.; diameter of bosh, 
17 ft.; height, 87 ft. There are three downcomers of steel plate 
construction, each 50 in. in diameter and lined with fire brick to 45 in. 
diameter. These unite at the top of the dust catcher, which is 20 
ft. diameter of shell, and equipped with conical top and bottom. The 
dust catcher is lined to about 18 ft. 3 in. inside diameter and is about 
29 ft. deep from inlet opening to dust valve at bottom. These fur- 
naces operate at about their rating of 300 tons each per day. 

11 Furnaces 3, 4, 5 and 6 each make about 500 tons of iron per 
day. Furnaces 3, 4 and 5 are alike in general dimensions. The 
hearth is 15 ft. 9 in. diameter; bosh, 22 ft. 9 in. diameter; and the height 
above hearth is 94 ft. Furnace 6 has corresponding diameters of 
15 ft. and 22 ft. and is 94 ft. high. 

12 Three downcomers of steel plate, each 6 ft. 6 in. in diameter, 
lined to 5 ft. 9 in. inside diameter, take the gas to the dust catcher, 
which is 32 ft. in diameter, lined with 9-in. fire brick, equipped with 
conical top and bottom, and about 39 ft. deep from top gas inlet to 

lust valve at bottom of hopper. 
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13 All of the dust catchers are provided with a suspended parti- 
tion or baffle wall of firebrick, cutting off direct passage of gas from 
inlet to outlet; the gas having to pass under this wall and up to the 
outlet. The location of these furnaces is shown in Fig. 1. | 


aA 


14 The general arrangement and involved main dimensions of 
the piping for washed gas are shown in Fig. 1. Each group of eight 
blowing engines is served with washed gas through a 60-in. overhead 
main of riveted steel plate delivering gas to a main header of 96 in. di- 
ameter situated along the wall of the engine house near the yard level. 
The eight 1000-h.p. engines at power house No. 1 are supplied with 
gas from furnaces 1 and 2 through a 30-in. underground pipe of cast 
iron. This 30-in. pipe is cross-connected with the 96-in. header 
near the south end of blowing-engine house No. 2, by means of a 42- 
in. overhead pipe. Gas washers 3 and 4 are connected with gas 
washers 5 and 6 through a 36-in. equalizing pipe as shown. Low 
points in the piping are provided with drains. The general arrange- 
ment of this piping deserves adverse criticism, as will be shown. No 
gas holders are installed or required. The length of the 30-in. main 
supplying the power house is about 1180 ft. The 60-in. main supply- 
ing engine house No. 2 is about 525 ft. long, and the 96-in. header 
at blowing-engine house No. 3 is supplied through about 415 ft. of 
60-in. pipe. In this main at the south end of the engine house is a 
60-in. venturi meter. The blowing-engine house header lies along 
the east side of the building. It is supported on the concrete work 
of the exhaust tunnel and is about 400 ft. long. The 8-ft. section is 
255 ft. long and is of riveted #-in. plate. The plates of the 6-ft. 
portion are ¥ in. thick. A 24-in. connection is taken off for each 
engine on the side nearest the building. Water is drained from the 
header by means of an inverted siphon. The total length of piping 
from the washers to the engine houses is about 3800 ft. 


15 There is a gas-cleaning plant at each pair of furnaces con- 
sisting of chambers equipped with water sprays for cooling the g:s 
and washing out a portion of the dirt, centrifugal fans also provided 
with water sprays, separators for removing the entrained water, and 
the necessary valves and piping. Symbolic diagrams, Figs. 2 and %, 
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represent the general scheme. Fig. 2 shows the washery first installed 
at furnaces 1 and 2. Fig. 3 indicates the arrangement of appara- 
tus at furnaces 3 and 4. The general arrangement of washers at 
furnaces 5 and 6 is similar to that at furnaces 3 and 4. _ 

GAS WASHERS NOS. 1 AND 2 


16 Fig. 2 shows the schematic arrangement of this cleaning plant. 
Gas is taken from the dust catchers through horizontal pipes where it 
is given an initial cooling and washing by means of water sprays. 
The cool gas then passes to four fan washers located between the 
two furnaces. These fans are normally operated in pairs, each pair 
forming a unit consisting of the two fans operating in series with 
each other. The first fan draws cool gas from the main supply and 
discharges it to a first-washed main. The second fan takes its gas 
from this main and discharges it to the second-washed main, from 
which the gas passes to the 30-in. gas line and to the power house. 

17 The pipe leading from dust catcher to fans is 70 in. in diameter. 
At a point about midway between the fans and the dust catcher a 
water-sealo«!| valve is located, consisting of a horizontal steel tank 8 ft. 
in diameter, through which the gas passes on its way to the fans. By 
filling with water it acts as a shut-off valve and by partly filling with 
water the gas flow may be reduced to any desired extent, these func- 
tions being useful when a furnace is working badly and giving a poor 
quality of gas. The 8-ft. tank also serves as a receptacle to which 
the water is drained from the cooling sprays. 

18 The 70-in. pipe connecting the dust catchers to the fans is 
about 236 ft. in length, the total travel of the gas from dust catcher 
to fan being about 123 ft. Located in this piping are 99 water sprays 
for cooling the gas on its way to the fan washers. These spray noz- 
zles are located at the axis of the pipe, about 3 ft. 6 in. apart, and dis- 
charge a cone-shaped spray into and against the flowing stream of 
gas. The sprays are supplied from a 3-in. header through 1-in. 
pipe connections and each spray consumes about 8 gal. of water per 
min. The water drains first into the 8-ft. tanks and from thence 
through a seal into tank cars beneath, where the dirt is deposited and 
the water passes off from an overflowinto the general drainage system. 

19 The connections to the fans are taken from the bottom of the 
70-in. main, the connection being 48 in. in diameter, enlarging to 70 
in. diameter. Each connection can be shut off from the gas pipe by 
means of a dise valve operated by a chain drum and handwheel located 
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on top of the gas pipe. Each of these connections is provided with 
a hopper bottom, valve and drain, forming a pocket for the mudand 
_ water brought down with the gas. The drain pipe extends downward 
into a well, forming a seal. 


Fic. 4 at FurRNACEs | 2 


20 The four fans are housed in a steel frame building enclosed 


___with corrugated steel sides and roofing and open for light and ventila- 
tion on all sides. 
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21 The fans are very similar in general features to ordinary cen- 
trifugal ventilating fans. The wheels are 6 ft. 11 in. in diameter. 
There are 8 blades, each 153 in. wide at the inner end and 13 in. wide 
at the tip, carried on tee-iron arms set in a cast-iron hub. The wheel 
is split, and the casing of steel plate is arranged for convenient access 
to and removal of the wheel. 

22 The cast-iron suction connections are rectangular. The main 
is 203 in. by 52in. A branch 21 in. by 48 in. leads to each side of the 
fan, the opening to the fan casing being 36 in. in diameter. These 
connections are provided with cleaning holes to facilitate removal 
of mud. Water connections are provided for four nozzles on each 
side carried through the casing and discharging through the circular 
inlet to the fan. Waste water from the furnace tuyeres and bosh 
plates flows from the furnace troughs into a stand pipe equipped 
with an overflow located at the proper level, and a portion of the 
water in the stand pipe passes through pipes to the fans. 

23 Each fan is driven by a 75-h.p. electric motor direct-connected 
to the fan by means of a flexible coupling. Three of these motors 
utilize alternating current and the remaining motor is of the direct- 
current type. These motors operate at about 500 r.p.m., the input 
being normally about 55 h.p. each. Control is by means of a 
switchboard located in a small brick building just outside the fan 
house. 

24 Each fan discharges horizontally at the bottom through a 21}- 
in. by 45-in. connection into a water separator. The separator is a 
box of steel plate 4 ft. square by 9 ft. high, containing a set of baffles 
consisting of 3 rows of 3-in. steel channels, the flanges of the channel 
bars facing the stream. The openings between channels are about 
1 in. wide, and the spacing is alternate or staggered, such that the 
streams of gas are broken and turned. The separated water and mud 
drops to the bottom of the separator and passes out through a seal. 
The gas leaves the separator at the top through a 24-in. pipe connec- 
tion. 

25 First-washed gas which has passed through one fan passes back 
into one of the 70-in. vertical connections on the cool gas main, and 
is isolated from it by means of the disc valve at the top, previously 
mentioned. The gas then’flows through the second-wash fan to the 
second-washed gas main; and thence through the 30-in. line to the 
power house. 

26 The piping and valves are so arranged that any fan may be 
used for either first or second washing. The valves in the fan connec- 
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tions are 24-in. Chapman gates, with seats and discs of cast iron. 
The water valve and pipe main containing the cooling sprays arc 
shown in Fig. 4. 


GAS WASHERS NOS, 3 AND 4 


27 The gas passes from the dry-dust catcher through a 96-in 
connection leading to a set of four cooling towers 12 ft. in diameter 
and 72 ft. high. The cooling water is sprayed into these towers 
through numerous nozzles set in the sides. There is a set of towers for 
each furnace, the two sets being connected by means of an 84-in 
header from the bottom of which the fans draw the gas for washing. 
The first-washed gas passes from the fans through a water separator 
into a 78-in. header called the first-wash main, from which it is 
passed back to the suction side of the fans working on second washing, 
these being shut off from the cooled-gas main. From these fans the 
gas passes through the separators and into the second-washed main 
of 60 in. diameter. The 60-in. main supplying the engines is con- 
nected to the middle point of this header. 

28 The four cooling towers are carried on a structural platform 
about 30 ft. square and 18} ft. above yard level. This eleva- 
tion provides clearance for the mud ears placed beneath to receive 
the drainage from the bottom connections. The connections between 
the towers are 8 ft. indiameter and the travel of the gas isup and down 
in alternate towers. Each tower is provided with a hopper bottom and 
pipe seal having connection with a common drain pipe which delivers 
the discharge of all four towers to the tank cars beneath. ‘Towers 
A and B are further provided with emergency seal drains at a higher 
level. These emergency seals are normally idle, but should the bot- 
tom drain become clogged the tower will then drain through thx 
emergency seal. Tower A is further provided with a suspended 
steel plate baffle in front of the 96-in. inlet opening. This arrange- 
ment when filled with water to the required height acts as avalve 
to shut off communication between the towers and the dry-dust 
catcher, a sealed overflow maintaining, the proper water level when 
desired. The first tower is equipped with about 30 sprays, the sev- 
ond has 35, and the third and fourth about 20 to 25 sprays each. 
The sprays are placed in five circumferential rows, 6 ft. apart verti- 
cally. The lower row is about 20 ft. from base of tower. These 
towers are like those shown in Fig. 5 for furnaces 5 and 6. Sev- 
eral of the illustrations are of the gas washing plant for furnaces 
5 and 6 which are similar to that of furnaces 3 and 4. 
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20 The sprays are supplied with water through three pipes rising 
from a ring main of 6-in. diameter near the base of the tower. Each 
spray is supplied through a 1-in. connection provided with a plug 
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30 The standard nozzle, of brass throughout, is shown in Fig. 
6. The shell has a 2}-in. external pipe thread which screws into a 
flange riveted to the shell of the tower. The helical passage pro 
duces a whirling cone-shaped spray of about 90 deg., and 6 to 10 ft. 
diameter. The 1}-in. plug provides convenient access to the spindle 
for cleaning. These sprays use about 7 gal. per min. at the average 
pressure carried. 

31 From the towers the gas passes through a 7-ft. pipe to the fans. 
This pipe also is provided with nozzles which spray water into and 
against the approaching stream of gas, the nozzles being located at 
the center of pipe. The piping is well shown in Fig. 5. 


‘ 
Vig. 6 DeETAILs oF SprAY Nozz_e 


32 The gas leaves the cooled-gas main at the bottom and passes 
to the fans through vertical suction connections. The latter have 
hoppers and water-sealed drains at the lower end and may be shut off 
from the cooled-gas main by means of bell valves operated by a winch 
and-handwheels located on top ofthe horizontal main. These valves 
seat in a water seal. “DBhe opening is of 45-in. diameter. At the mid- 
point’ of the cooled-gas main connecting the two sets of towers is 
located a shut-off valve consisting of an inverted siphon which may 
be partly or wholly filled with water to regulate the amount of gas 
coming from either furnace. 

33 The fan washers are housed in a steel frame building 150 ft. 
long, 29 ft. wide and 32 ft. high from yard level to eaves, equipped 
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with pitch roof and monitor, the covering being of corrugated steel. 
The building and machinery are.carried on pile and concrete founda- 
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tions. The center of fan-shafts is 9 ft. 5 in. above yard level, this 
elevation being necessary for drainage. 
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34 There are eight centrifugal fans made by the Buffalo Forge 
Company. The wheels are of }-in. steel plate, 7 ft. 1 in. in diameter, 
having eight blades each 293 in. wide at the inner end, and 27} in. 
wide at the tip. Central opening of wheel is 40 in. in diameter. 

35 The casing is of cast iron and of the double suction type. 
It is made in sections, with machined joints bolted together for 
removal of wheel. Manholes are provided for cleaning and inspec- 
tion. Each branch of the suction connection is rectangular, 20 in. 
by 50 in., opening into the fan through a 36-in. diameter inlet. The 
bottom discharge connection is 40 in. by 36 in. 

36 The wheel shaft, of 65-in. diameter, is direct-connected through 
a flexible coupling to a 100-h.p. motor operating at 480 r.p.m. Six 


of these motors utilize alternating current, the other two being 
for direct current. The two types are used so that should there be 


an accident to either circuit, the motors connected to the remaining 
circuit will continue to operate and keep a part of the engines running 
until the necessary corrections can be made. 

37 Water is thrown into each fan through 16 spray nozzles. 
Eight of these discharge into the central inlet openings, four on each 
side; the other eight dischage into the fan through the upper half 
of its periphery. The sprays are fed by four 1}-in. lines connected to 
a 6-in. header extending the full length of the building, over the fans. 
Each spray connection is a }-in. pipe. The water for the fan sprays is 
taken from the waste of bosh cooling water from the furnace, which 
overflows from a standpipe, a portion under the necessary head 
going to the fans. 

38 From the fan the gas passes to a water separator constructed 
of steel plate 7 ft. in diameter by 13 ft. high. This separator is shown 
in Fig. 7. The gas passes first through a set of baffles consisting of 
four rows of 4-in. channels set vertically, the openings between the 
channels being 13-in. wide, with alternate or staggered spacing such 
that the streams of gas are broken and turned. The separated water 


: falls down the vertical channels, carrying with it the dirt, and passes 


out at the bottom through a seal to the drainage system. After 
passing through the channel baffle, the gas rises through annular 
dise baffles and passes from the separator through a 36-in. top con- 
nection. 

39 Each separator is equipped at the top with a cast-iron tee 
providing outlets through 36-in. gate valves respectively to first- 
washed and second-washed mains. Fans working on first washing 
discharge their gas into the first-washed main. This gas is then 
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taken by the fans working on second washing and by them discharged 
into the second-washed main. The diameters of the first- and 
second-washed mains are 78 in. and 60 in. The first-washed main 
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extends full length of the fan house, and is connected to the vertical 
suction connection of each fan through a 42-in. gate valve. The valves 
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and piping are so arranged that any fan may be operated on either 
first or second washing. 

40 ‘These gas washers are shown in sectional elevation in Fig.8 and 
Fig. 10 shows the washed-gas main and fan connections in perspective. 

41 The gas washing plant at furnaces 5 and 6 is substantially the 
same as that described for furnaces 3 and 4. The water separators 
have a different style of baffling. These separators are shown in Fig. 
%. They are 7 ft. in diameter and 17 ft. high. The gas circulates 
through zigzag passages formed by narrow plates assembled as shown. 


Fig. 10 No. 5 Gas WasHER Fans AND Pipina 


The projecting edges of plates are formed to catch the water and 
lead it to the bottom of the chamber, where it passes out through a 
seal. There age two sets of baffles through which the gas passes in 
Succession, one at the bottom and one at the top. e . 


BLOWING-ENGINE HOUSES 


‘2. As previously stated the blowing engines are located in two 
buildings, blowing-engine houses Nos. 2 and 3, each substantially 
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1377 
alike in design and arrangement. Each blowing-engine house con-— 
tains eight air-compressing units (Fig. 13), each unit having a 
capacity of about 20,000 cu. ft. of free air per min. when operating 
at 65 r.p.m. 

13 The gas engines, built by the De La Vergne Machine Company 
of New York, are coupled to vertical blowing engines built by the 
Southwark Foundry and Machine Company of Philadelphia. 

44 Each building is 425 ft. long. A basement 10 ft. deep provides’ 
space for piping, oiling system, etc. A steel skeleton frame supports 
the roof and runways for a 35-ton electric traveling crane. The 
walls are of brick, and the roof of corrugated iron sheathed inside 
with wood. Air enters through louvers located in the east wall at 
intervals of 123 ft. The flooring is of *-in. checkered steel plate 
laid on 10-in. beams. ‘Two cold-blast mains, one for each furnace, 
extend the entire length of building, and arrangements are such 
that any of the eight engines can deliver to either of the two cold- 
blast mains. The piping is so arranged that the north engine in 
blowing-engine house No. 2 can deliver to furnaces 1,2, or 7. There 
is also an auxiliary blast main connecting blowing-engine houses my 


2 and 3 in such manner that steam-driven blowing engines may 
deliver to any one of the seven furnaces, when required. 

45 The exhaust gases, jacket water, etc., are discharged into an 
underground tunnel or header located about twelve or fifteen feet 
east of the building and parallel to it. This tunnel is provided with 
two outlets, one into the general drainage conduit, and the other to 
the atmosphere through a brick-lined steel stack located at mid-point 
of exhaust tunnel. The exhaust tunnel is also provided with 
sixteen laterals, one opposite each engine cylinder, and extending only 
to the outer surface of the concrete foundation wall of the building. 
These details are shown in Fig. 12. 

4 The tunnels are of horse-shoe section of reinforced concrete, 
supported on piling. The main tunnel is 10 ft. 2 in. high, 6 ft. wide 
at the bottom, with a semicircular roof 8 ft. in diameter. The six- 
teen laterals are about 8 ft. 2 in. hic’: and 4 ft. wide. 

47 The ventilating stack is 10 ft. in diameter of steel plate lined 
with red brick to 9 ft. 2 in. diameter. 

48 Located between the discharge chamber of each blowing cylin- 
der and the cold-blast main, is a non-return valve. The discharge 
chaniler may be connected to the atmosphere through a pipe extend- 
ing through the building wall and controlled by a gate valve. This 
atmospheric connection is opened when it is necessary to start with 
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compressed air. When operating conditions have been established in 
the motor cylinders, the gate valve is closed and the non-return valve _ 
rises from its seat for delivery into the blast main. 

49 Gas is delivered to each engine from the main header located _ 
outside the building through a 24-in. branch, including a standard 
24-in. gate valve just inside the building wall and above floor level. 
The 24-in. pipe then turns downward to the basement floor where it 
divides into two 18-in. branches, one to each gas pump. The air 
pumps draw their supply from the basement through short connec- 
tions passing through the floor. 

50 The cast-iron exhaust pipe for each cylinder is 22 in. in diame- 
ter. It is attached to the bottom of the cylinder, descends vertically 
about six feet and then extends horizontally to the east wall of the 
building and into the lateral tunnel above noted. A tee outlet or 
double discharge is furnished on the end of each exhaust pipe. A 
gate valve is provided. ; 

51 During operation water is injected into each exhaust pipe 
through spray pipes located just below the cylinder. This keeps 
the pipe cool, partially muffles the exhaust, and prevents explosions 
in the exhaust piping. 

52 The cooling water for the engines is taken from a 12-in. main 
extending the full length of the building on the east side of the base- 
ment. A 10-in. reserve main is installed on the west side. Opposite 
each engine is located an 8-in. connection with valve. From this 
connection a 6-in. branch leadsto each side of the engine. The 
supply of water for each engine is thus controlled by one valve. 

53 As originally installed, cylinders, pistons and muffling sprays 
were all supplied with water through individual connections, each 
wasting to a sewer. The system has since been modified such that 
the water passes through piston, cylinder heads, cylinder jackets and 
muffiing sprays in the order named. A small portion of the water 
only is used by the muffling sprays. 

54 Thermometers are placed to indicate the temperatures of water 
leaving the piston and cylinder jackets. The jacket water leaving 
each cylinder head discharges upward through a vertical pipe pro- 
vided with a return-bend discharge nozzle. The water leaving the 
nozzle discharges downward into a funnel leading to the cylinder 
jacket, the stream thus being in full view of the operator. 

55 Compressed air for starting is supplied through a 5-in. branch 
fron: a 6-in. main delivering air from power house No. 1. The 
5 in. connection divides into two 3}-in. branches, one to each side 
of the engine where it connects with the starting valve 
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56 An oiling system of the gravity type is installed at each 
blowing-engine house. Two 500-gal. storage tanks are located near 
the roof from which the oil is piped to the sight-feed connectionson the 
engines. A complete system of drip pans and oil catchers is provided 
at the engines. From the pans the oil drains to the basement, and 
passes first through a gravity separating tank where most of the water 
isremoved. The oil then flows over a heating device where its tem- 
perature is raised to about 120 deg. fahr. and it then passes through 
settling tanks and weir boxes, where the remaining water and nearly 
all of the suspended matter are deposited under the action of gravity. 
From the weir boxes the oil passes into White Star filters, and thence 
by means of a duplex steam pump to the storage tanks located near 
the roof. 

57 The above description applies to the system used | vr supply- 
ing oil to parts of the engine where the oil is but slightly contaminated 
by foreign matter. At certain other points of lubrication. such as the 
gas pump and motor piston rods, ete., the return oil is contaminated 
to a considerable degree by flue dirt. A separate system very similar 
in principal to the one already described is installed to take care of 
these parts. 

58 The buildings are heated by means of the forced circulation 
of hot water through radiation piping. The piping extends entirely 
around the building and the water which is heated by exhaust steam, 
is circulated by means of a centrifugal pump. 


59 Eight units for developing electric power, each rated at 1000 
i.h.p., are located at the south end of power house No. 1 and occupy 
a space 350 ft. long. The engines are direct connected to 500-kw. 
generators, four of direct current, 250 volts, and four of three-phase 
25-cycle alternating current, 440 volts. The total length of the build- 
ing is 725 ft., the width 77 ft. and the height from the floor line to the 
bottom chord of the roof truss 35 ft. A steel skeleton frame supports 
the roof and crane runways. A basement 8 ft. deep is provided 
and a concrete matte, on piling 83 ft. wide by 44 ft. thick, supports 
the building and machinery. An interior view of the power /ouse 
is shown in Fig. 14. 
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60 The floor is of concrete reinforced with expanded metal, resting 
on I-beams. Cast-iron gratings between the engines ventilate the 


basement. 

61 The switchboard is placed on a platform 213 ft. long at the 
east side of the building. A controlling panel is provided for each 
generating unit. Numerous feeder panels control the various mill 
circuits. The alternating-current switches are located at the south 
end of the board, and the direct-current control at the north end. 

62 The engines exhaust into the main drainage tunnel and a 
steel stack 5 ft. in diameter and 60 ft. high carries away the gases 
and vapor. 

63 Each engine takes gas from a 30-in, main outside the west 
wall of the building through an 18-in. connection controlled by a gate 
valve; this 18-in. connection divides into two branches, one going to 
ach gas pump. A throttle valve controlled by a Tolle governor 
and placed as close as possible to the valve chest of its respective 
gas pump, is located in each of these branches. 

64 The air pump draws its supply from the basement. Com- 
pressed air for starting is provided through a 6-in. main extending 
the entire length of the plant. There is a 4-in. branch at each engine. 

65 The cooling water is supplied from the general yard service 
through a 6-in. main with branches at each engine. 

66 Each motor cylinder is provided with a separate exhaust pipe 
of 16-in. diameter exhausting directly into the tunnel. Water is 
sprayed into the pipe to cool and muffle the exhaust. in oe 

KOERTING TWO-STROKE CYCLE ENGINES ry 

67 The engines were designed by the firm of Koerting Brothers, 

Hanover, Germany, and were built by the De La Vergne Machine 


Company, New York. They are of the two-stroke cycle double- > 
t 
acting twin-cylinder type. 
6S The blowing-engine units have motor cylinders 384 in. in < 


diameter by 60-in. stroke, and occupy a floor space of 40 ft. by 
52 {t. The engines for electric generating have cylinders 24} in. 
in diameter by 43%-in. stroke and occupy a floor space of 32 ft. 
by 36 ft. 

6% The cycle of operation with reference to the motor cylinder 
is as follows: Gas and air are compressed in separate pump cylin- 
ders to a pressure of about 10 lb. per sq. in. above atmosphere. The 
gas and air meet in the mixing chamber above the inlet valve of the 
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motor cylinder. During the period when the motor piston is at and 
near the outer end of its stroke, the inlet valve opens, admitting first 
the scavenging air and second the mixture to the motor cylinder. 
During the return stroke of the piston the charge is compressed to a 
final pressure of about 150 lb. gage. 

70 Ignition by electric spark takes place somewhat prior to the 
completion of the compression stroke. Near the end of the expan- 
sion stroke, the piston uncovers the exhaust ports through the 
cylinder walls. The opening of the inlet valve occurs very soon there- 
after, and the new incoming charge forces the burned gases out 
through the exhaust ports, completing the cycle. 

71 The general plan and elevation of the 2000-h.p. engine is 
shown by assembly drawings in Fig. 15a and Fig. 15b. The smaller 
engines are very similar in genera! design. 


4/$ 


= 
t 


ASS 


(sENERAITI 


Fia. 155 Enp ELEevation or 2000-H.P. ENGINE 


72 Each unit is composed of two separate engines, each complete 
in itself with the exception that the crankshaft is common to both. 

73 The main frame for each side is composed of two heavy cast- 
iron box girders. The motor cylinder is supported on and between 
these at one end. The shaft bearings are formed in the other end 
o! the frame. 

74 At one side are the gas and air-pump cylinders. The two 
pistons are mounted on a single piston rod and driven by an over- 
hung erank on the outer end of the crankshaft. 
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75 The pump valves are of the piston type, smooth cylinders 

without packing of any kind, and are driven by eccentrics on the 
crankshaft. The induction valve for the gas pump is open during - 

- about 145 per cent of its suction stroke; that is to say, during the 

- entire suction stroke as well as the first 45 per cent of the dis-— 
charge stroke. The air pump discharges during nearly its entire 
stroke, the object being to provide scavenging air for the motor 
cylinder prior to the entrance of the mixture. The gas and air pass: 
from their respective pumps through ducts to a mixing chamber 
above the motor inlet valve. The prior discharge action of the air 
is intended to force the gas column back into its duct, prior to the 
opening of the motor inlets, in such manner that scavenging air is 
provided in advance of the mixture. 


Fie. 18 Detaits or Motor 


76 The motor cylinders are of cast iron in one piece with water 
jacket and exhaust passage. The cylinder heads (Fig. 16) are of 
cast iron with water jackets and are provided with an expansion joint. 
Fig. 17 shows a 383-in. motor cylinder in detail. 

77 The piston is of cast iron, nearly as long as the stroke because 
of its action as an exhaust valve. Five grooves are provided at each. 
end, equipped with dowells in such manner that the five snap rings 
are held with their openings near the bottom of the cylinder. The 
piston (Fig. 18) resting on the cylinder wall closes the opening through 
the ring and prevents leakage and possibly premature ignitions. 
Cooling water is supplied through the hollow rod by means of swing- 
ing connections shown in Fig. 19. 

78 The crosshead is of the slipper type babbitt faced. The 
marine type connecting rods are forked at the crosshead end. Bear- 
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ings are split shells, babbitt lined for the crank and phosphor bronze 


for the crossheads, held by bolted caps. 

79 The crankshaft for the 2000-h.p. engine is of the built-up 
type and is carried by four bearings. Each crank pin is carried by 
two forged steel webs between its pair of main bearings and to these 
webs are bolted the counterweights. Each end of the shaft pro- 
jects beyond its outboard bearing and carries a crank and eccentrics 
for the gas and air pumps. The shaft for the 1000-h.p. engine is a 
single forging, being in other respects similar to that for the 2000- 
h.p. engine. All of the principal forgings were made at the Krupp 
works in Germany. 

80 The flywheels for the 1000 h.p. engines are 174 ft. in diameter 
and weigh 45,000 lb. The wheels for the 2000-h.p. engine are of 
20 ft. diameter and weigh 65,000 lb. The wheels were cast in halves, 
and the fastenings are steel links shrunk into place at the rim and 
bolts at the hub. 

81 The inlet valves are steel forgings of the mushroom type 
located in casings at the top of the cylinder heads. They are opened 
by cams located on a shaft parallel to the axis of the motor cylinder 
and driven by bevel gears from the crank shaft, and closed by strong 
helical springs. 

82 Ignition is by means of electric spark of the break or are type, 
with two igniter plugs in each cylinder head. The electric current 
is furnished by magnetos, one for each plug. The current is pro- 
duced in the following manner: The magneto armature is first slowly 
rotated in opposition to the force of a spring through an angle of 
about 30 deg. from its initial position. It is then released and under 
the action of the spring executes a rapid return motion or oscillation. 
During this return motion the igniter terminals are mechanically 
separated and the are formed, the motion of the armature being 
transmitted to the plugs through cranks and reach rods for this 
purpose. The magnetos are now being discarded in favor of a direct- 
current system of ignition of simple form. 

83 The timing of the ignition is accomplished by means of the 
igniter shaft connected to the cam shaft through a helically slotted 
sleeve and a pair of spur gears. By sliding the sleeve along the shaft, 
the phase of the igniter shaft is advanced or retarded. One of the 
spur gears is provided with sufficient width of face to accomplish 
the required range of movement. The sleeve and hub form a triple 
threaded screw and nut, and have proved very satisfactory in opera- 
tion. The apparatus is shown in Fig. 20. The equivalent device 
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furnished by the makers consisted of a single spiral slot and feather 
which proved defective in wearing qualities. 

84 The regulation of the 1000-h.p. units is by a butterfly throttle 
valve under the control of a Tolle governor. The strength of these 
governors is about, 2000 lb. The throttle valve is located in 
the gas supply pipe of each pump, as close as possible to the pump. 

85 The 2000-h.p. engines are regulated by means of bypass 
valves located at the gas pumps, and under the direct control of an 
adjustable-speed oil-pressure governor. Each gas pump, in addition 
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Lead of Screw 


to its original distributing valve, is provided with a reciprocating 
bypass valve, driven from the pump valve-gear. This valve is of the 
hollow plug type turned to a working fit in its valve cylinder bush- 
ing, and is provided with ports through the walls of the hollow plug. 
Corresponding ports through the walls of the valve cylinder bushing 
communicate respectively with A, the gas pump discharge passage, 
and B, the gas pump clearance. Two respective leakage paths are 
thus formed through which a portion of the gas is bypassed back 
into the supply pipe of the gas pump. The hollow plug valve of the 
bypass is arranged for partial rotation on its axis under control of 
the governor, and the angular position of the plug valve determines 
the degree of opening of the bypass ports, which in turn governs the 
quantity of gas returned to the pump supply pipe. Due to the con- 
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struction of the main pump valve, bypassing from the passage 
A can occur only during the suction stroke of the pump, the 
bypass port being connected to a chamber which communicates 
with the pump discharge passage only during such suction stroke. 
The bypass port from the pump clearance allows bypassing to occur 
during the discharge stroke of the pump. 


86 When the governor is in the position corresponding to maxi- 
mum power demand, both bypass ports are closed. As the demand 
for power decreases, the port from passage A is first opened, the port 
B remaining closed. With a further decrease of power demand port 
B also opens. The port A is arranged for prior opening for the pur- 
pose of removing the gas from the vicinity of the motor inlet at and 


« 


during the scavenging period. The full opening of both bypass 
ports is sufficient to limit the engine speed to about 45 r.p.m. under 
conditions of friction load. The reciprocating motion of the valve 
is provided for the purpose of preventing accumulation of dirt on 
the valve surfaces, thus preventing any undue resistance to rotation 
under the action of the governor. The general arrangement of the 
bypass valve gear is shown in Fig. 21. 

87 The governor is of the adjustable-speed oil-pressure type, 
controlling the valves directly by means of a piston of 4% in. in 
diameter operating differentially against the force of a spring. The 
total tension of the spring is about 830 lb. A 3%-in. by 3-in. 
single-acting triplex oil pump is driven by means of a 2-in. Renold 
silent chain from the cam shaft of the engine. The oil is discharged 
through a 3-in. orifice of special design, the area of which is controlled 
by a needle valve. The motion of the small piston is transmitted 
by levers, shafting, and reach rods, and controls the angular position 
of the bypass valve. The needle valve is linked to the timing device 
of the igniter mechanism in such manner that the time element or 
lag of the igniter is neutralized, the ignition remaining constant at 
all speeds. 

88 ‘The speed variation between the extremes of travel is 4 per 
cent. The energy required to drive the pump amounts to about 
0.6 h.p. The valve gear, governor, and timing device were designed 
by the author with the assistance of Mr. Hugh Boyd and the entire 
apparatus was constructed in the shops of the steel company. 

89 The general arrangement of the governor is shown in Fig. 22 
and a chart from the Uehling revolution recorder in Fig. 23. The 
speed depressions recorded in the latter indicate periods of casting 
and checks at the furnace. 

90 Positive lubrication of the motor cylinders is accomplished 
by force-feed pumps of the screw-press plunger type. These pumps 
are driven by lever and ratchet, operated by cams located on the 
engine cam shaft. The oil pump cams are located in such manner 
that the oil injection occurs during each compression stroke of the 
motor piston. There are three oil inlets for each end of the motor 
cylinder, one at the top and one at each side near the bottom. An 
individual screw plunger serves each oil inlet, which is provided with 
a check valve. 
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a = Electric Power Blowing Engine 

Rated 1000 2000 
Speed, r.p.m 100 35 to 65 
Diameter, motor cylinder.... 23} 38} 
Stroke, motor cylinder 433 60 
Diameter, gas pump........ 283 454 
Diameter, air pump 25} 38} 
Stroke of pumps 334 49} 


KOERTING ENGINES 


{Two 18 X 33 
Four 12§ X 23 4 {on 22 X 40 
One 22 35 
Maximum shaft diameter... 184 26 
Length of shaft............. 26 ft. 6 in. —- 34 ft. Thin. 
Crank pins Two 12§ x 133 ree! One 24 X 16 
18 X 194 
Crosshead pins Four 8} X 7} Four 123 X 114 
Piston rod 645 10 
193 X 36} pars 274 X 52 
ft. 6 in. 


9 ft. din. 


Main journals 


Connecting rod 
Diameter, connecting rod 
Large end 
Small end 
Pump piston rod, diameter . 
Pump crank pin 
Cam shaft, diameter 
Motor inlet valve, diameter. — 
Gas pump inlet valve, di- | 
ameter 


% 


Air pump inlet valve, di- 
ameter 
Exhaust pipe, diameter 15} 


Flywheel, diameter 
Flywheel weight 


17 ft. 6 in. 
45,000 


Blowing cylinder, diameter. = 
Blowing-engine, stroke 


GENERAL NOTES RELATING TO OPERATION 


91 Both gas-cleaning apparatus and the gas engines were installed 
at an early stage in the history of the art and are necessarily imper- 
fect when compared with modern examples to which have been applied 
those essential refinements that can be gained only through experi- 
ence. The average dust content of gas as delivered to the second- 
washed main amounts to about 50 to 80 mg. per cu.m., equivalent 
to from 0.022 to 0.035 grains per cu. ft.. which would rightly be 
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considered bad practice in modern gas-cleaning plants. It therefore 
is fortunate that the type of engine selected is able to operate per- 
fectly well when supplied with this imperfectly cleaned gas, without 
any distress whatever. 

92 Nevertheless, operation of the character named cannot be 
claimed for the first three years. The author believes, however that 
esssentially all of the trouble can be traced to several major causes 
tending to produce premature combustion and a number of minor 
details not well appreciated at that time. 

93 The conditions tending to produce premature combustion 
and attendant failure of parts subject to the resulting high pressures 
and temperatures were: imperfect piston packing which was neither 
properly dowelled nor provided with keepers; unsuitable oil used in 
the motor cylinders; and high hydrogen content in the gas. Minor 
causes of premature combustion were: projecting portions of parts 
exposed to the fire; and accumulations of flue dirt which, in combina- 
tion with the oil, baked on the surfaces of the parts; the projecting 
portions remaining incandescent and initiating premature combustion. 
Minor troubles were also due to various causes, such as wet gas which 
fouled the igniter points with its accompanying flue dirt; dirty gas 
which clogged the valves of the controlling devices, making the 
speed control more difficult; imperfect rod packing, etc., which pro- 
duced bad atmospheric conditions in the building; inadequacy of 
certain parts of the 1000-h.p. engines subject to high inertia stresses 
at 100 r.p.m., ete. 

94 Rectangular dowells are now applied to the piston grooves 
in such secure manner that the openings through the snap rings are 
confined to a location near the bottom of the cylinder, thus preventing 
leakage through the openings. The cylinder oil now used does not 
leave a carbonaceous residue of any considerable magnitude. The 
pressure of water supply to tuyeres, coolers, and bosh plates is 
maintained slightly lower than the internal pressure of the furnace; 


hence water cannot enter the furnace to produce excessive hydrogen, 


following puncture of these parts. 


= 


GAS-CLEANING AND SUPPLY SYSTEM 

95 As previously noted, there are three gas-cleaning plants, one 
for each pair of furnaces; and the three delivery mains therefrom are 
interconnected by means of pressure-equalizing pipes, two in number. 
These mains for hot gas, cooled gas, and washed gas are locally inter- 
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connected in parallel relation at each pairof furnaces. It is therefore 


possible to control the amount of gas taken from each furnace 
and the gases from the two furnaces are thoroughly mixed by 
discharging into a common washed-gas delivery main. In order 
to promote in the best manner uniformity in the constitution of 
the gas, the delivery from the several washeries should then discharge 
into a common distributing main or holder. Referring to Fig. 1, 
however, it will be noted that the locations of the thre - delivery mains, 
and the relative locations of the two equalizing pipes are such that 
it is impossible for such mixing to occur even locally or approximately. 
A partial solution constituting a great improvement would consist in 
relocating the 30-in. delivery pipe from washers Nos. 1 and 2 along the 
west wall of blowing-engine house No. 2, to form a junction atthe 
southwest corner of that building with the 60-in. delivery main from 
washers Nos. 3 and 4. Also the 36-in. equalizing main should 
deliver gas into the 60-in. delivery main from washers Nos. 5 and 6, 
instead of into the north end of the 96-in. header at blowing-engine 
house No. 3. Power house No. 1 and blowing-engine house No. 2 
would then receive the average of gas from four furnaces, whereas at 
present blowing-engine house No. 2 receives gas only from furnaces 
3 and 4, and at power house No. 1, the four north engines may receive 
gas from furnaces 1 and 2, and the four south engines from furnaces 
3 and 4. Under these conditions of piping, the gas supply at any 
point is but an average of that from two furnaces, and at times the 
irregularity is considerable, the thermal value occasionally varying 
between limits of 105 and 80 B.t.u. per cu. ft.. within a period of a 
few seconds. 

96 Owing to the fact that hot gas mains of the three pairs of fur- 
naces are not interconnected, the danger of explosion due to the en- 
trance of air is enhanced to a certain degree, especially when but one 
furnace of any pair is in operation. This danger is minimized to some 
extent by means of the equalizing connections between the several 
washed-gas delivery mains, and the remaining conditions are provided 
for through the skill and watchfulness of the operators, who are greatly 
assisted in their work by a system of local telephones, and by indicat- 
ing and recording vacuum and pressure gages connected at the proper 
points. Such conditions, however, occur only during checks and casts 
at the furnace, or in case of failure of the cooling water supply. Such 
periods are easily taken care of by the operators, who thoroughly 
appreciate the situation. The principal precaution consistsin sealing 
off the connection between towers and dust catcher, before the wind 
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is taken off the furnace, one furnace of the pair being assumed already 
out of service. The fans are also shut down or bypassed, and the fan 
connections sealed off when necessary, there being a diaphragm seal 
at the suction connection of each fan washer. The most probable 
point for entrance of air into the system is through the furnace top and 
connections. 

97 Pressure gages are provided at each washer as follows: There 
is a recording pressure gage for the second-washed main, a recording 
vacuum and pressure gage for the cooled-gas main, and a manometer 
connected to tower D, Fig. 3. 

98 Dirt accumulates on the domes, and on the walls near the 
tops of towers A and B, especially during the winter months. The 
falling of these accumulations, if not otherwise known, is announced 
by the appearance of overflow water at the emergency seal, due to 
the closure of the normal outlet for dirt and water at the bottom of 
the tower. The accumulation at the bottom is then broken up by 
pokers inserted through the gate valves and pipe tees provided at the 
bottom drain connection of each tower for that purpose. This occurs 
on an average of twice a month and occasionally twice a day. These 
accumulations are largely due to the fact that there is not sufficient 
pressure to furnish water to the upper three rows of nozzles, which are 
consequently inactive; the dome and upper walls are therefore not 
washed by flowing water, and the dirt accumulates. The accumula- 
tion of dirt in the fan washers and their connections is practically 
negligible. The water separators require cleaning once and occas- 
ionally twice a year. The type of separator shown in Fig. 10 collects 
dirt more rapidly than the other form. Contemplated improve- 
ments are under way for obviating these difficulties. 

99 Gas leaves the furnace top at a temperature of about 550 
deg. fahr. In summer it enters the fans at about 77 deg. and leaves 
the fans at about 60 deg. fahr. The water used in the tower 
amounts to about 75 gal. per 1000 cu. ft. of gas. The quantity of 
waste water used in the fan washers is not accurately known. 

100 At each fan there are eight nozzles which discharge water 
into the fan through the upper periphery, and four nozzles which dis- 
charge it into the gas inlet openingsof the fan. The quantity of water 
used in the fans, especially at the gas inlet, greatly affects the power 
required to drive them, which increases with the amount of water used. 
Each fan at washers Nos. 1 and 2 requires about 45 h.p., while about 
60 h.p. is required by each fan at washers Nos. 3 to6. The operation 
of about one-half of the fan washers is required under present load 
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conditions. Hence, allowing for losses in motors, about five per cent 
of the delivered horsepower at the engines is required for driving 
the fan washers. 

101 The cleaning of the gas at washers Nos. 1 and 2 is less com- 
plete ‘than that at washers Nos. 3 to 6. At the two former the 
dust content in second-washed gas as delivered averages about 0.035 
grains per cu. ft. 

102 At gas washers Nos. 3 and 4 the dust content in the gas is 
about as follows: 

~ First- Second- 

Gas Cooled Washed Washed 

Maximum grains per cu. ft................... 0.980 0.100 0.100 
Minimum grains per cu. ft 0.0044 0.0044 0.0044 


103 The gas supplied through the 30-in. main to power house No. 
1, therefore, contains more dirt and moisture than that delivered from 
washers Nos. 3 to 6, in consequence of which there is more trouble 
with dirt at the power house than at the blowing-engine houses. Also 
it may be noted that the long 8-ft. gas headers at the blowing-engine 
houses are of probable value in separating the moisture from the gas. 


LUBRICATION 


- 104 As previously noted, each motor cylinder is supplied with 
cylinder oil by six pumps of the screw plunger type. The pumps are 
arranged in two batteries, one for each end of the cylinder, each com- 
prising three plungers driven by a combination cam, lever, ratchet, and 
worm gearing, common to the three plungers of the battery. During 
each compression stroke of the motor piston the three oil pump plun- 
gers are depressed through a small distance into the oil pump cylin- 
ders. In this way three small equal quantities of oil are forced into 
the end of the motor cylinder during the corresponding compression 
stroke of the motor piston, one quantity entering at the top and the 
others on either side near the bottom of the motor cylinder, at points 
about midway between the cylinder head and the exhaust ports. 
The oil pump discharge connections are filled with oil in order to 
exclude any possibility of the presence of air. The resulting lubri- 
cation is thorough, effective and satisfactory. The oil used is known 
under the trade name of Electric Gas Engine Oil. The flash test is 
about 450 deg. fahr. and the oil fires at about 550 deg. fahr. The 
author believes that the long piston of the two-stroke cycle engine is 
especially conducive to satisfactory cylinder lubrication. The cylin- 
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der oil used by each blowing engine amounts to about 5.25 gal. 
every 24 hours. 

105 Engine oil known under the trade name of Dynamo Oil is sup- 
plied at the necessary points by means of an oil purification and dis- 
tributing system already described. This oil circulates again and 
again through the bearings, and each day a sufficient quantity of fil- 
tered oil is taken from the system and used for lubricating the piston 
rods and the gas and air pump cylinders. The quantity of engine 
oil used by each blowing engine, including oil actually consumed by 
the air and gas pump cylinders and motor piston rods, plus the daily 
waste due to leakage, evaporation, etc., in the purification plant, 
amounts to about 3.7 gal. in 24 hours. 

106 In addition to the above there is required for the blowing 
cylinder about 0.6 gal. of air-cylinder oil, and for small pin bearings, 
etc., about 1.25 lb. of No. 2 cup grease per 24 hours. The delivered 
horsepower of each blowing engine varies from 1000 to 1200. 

107 The small pipes for delivering oil to the motor cylinder are 
screw-threaded into the walls of the cylinder, and project radially 
through the water jacket, passing out through stuffing boxes in the 
jacket wall. The steel pipe formerly used corroded rapidly, allowing 
jacket water to enter the motor cylinder during operation. The 
substitution of brass pipe eliminated this trouble. 

108 It was found that dirt accumulated in the two nipples where 
the oil enters the motor cylinders at each end near the bottom of 
the cylinder, and gradually baked with the oil, plugging the connec- 
tion. An appendix consisting of a pipe tee and cock was provided, 
into which the dirt settled to be blown out at leisure. 


IGNITION 


109 The detailed construction of the igniter plugs is indicated in 
Fig. 24. The bronze bushing forming the spherical seat for the mov- 
able steel electrode is a driving fit in the cast-iron body of the plug. 
The cylindrical head of the stationary electrode seats on an asbestos 
gasket or washer carried by the porcelain insulating plug which is 
formed as a conical frustrum seated in a cavity in the cast-iron plug 
on a bedding of litharge and glycerine. Litharge also assists in main- 
taining tightness between the cast-iron plug and the bronze bushing. 
This construction is very satisfactory in every way. 

110 Using magneto or similar low-voltage current, there is little 


burning of the points, and the life of both electrodes is aboutone 
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year. The bronze bushing lasts about six months, this material being 
the most’ satisfactory thus far used. The upkeep of the magnetos is 
relatively expensive, and a ten-volt direct-current system is being 
substituted. 

111 Dirty plugs are caused by slipping furnaces and wet gas con- 
taining dirt which fouls and bakes at the terminals. The plugs re- 
quire cleaning on an average of once to twice per month. The spheri- 
val seat requires regrinding once in two months, and the plug must 
be retubed one in six months. 

112 Premature combustion is due to high hydrogen content in 
the gas, sharp edges or corners of metal exposed to the flame, dirt, 
and improper piston packing. Back-fires are due to prematures 
during the period of inlet opening, or to leaking inlet valves under 
usual conditions. The plant under discussion has had but little of 


oF IGniTeER PLUG 
any such trouble. Miss-fires are due to wet gas, faulty plugs or mag- 
netos and weak mixtures. 
113 An indicator diagram showing premature ignition is shown 
in Fig. 25. The maximum pressure indicated in this instance was 
385 lb. gage per sq. in. 
114 With the type of ignition gear in use there is an interval be- 
- tween the release of the magneto lever and the opening of the igniter 
terminals. There is also an appreciable time required to complete 
combustion. This time element being approximately constant, cor- 
rect ignition requires that the timing of the release shall vary to some 
extent with the speed of rotation. The ignition gear may then be 
linked to the speed-adjusting device in such manner as automati- 
; - to maintain proper timing of the ignition at all speeds. 


| 
| 
| 
’ 


-E. P. COLEMAN 


115 When designing the adjustable speed-governing apparatus 
for the blowing engines it was desired to ascertain these quantitative 
relations, relative to ignition and speed of rotation, and thi results of 
the investigations that were conducted are given in Appendix No. 1. 

116 As far as the author has been able to learn, the method of 
speed regulation as furnished by the makers consisted in allowing the 
gas in the pump discharge pipe to flow through adjustable leakage 
valves, under control of the governor, back into the suction connection 
or gas main. For the blowing engines as designed, this bypassing 
could occur only during the s 


uction stroke of the gas pump; hence 
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only that portion of gas which was contained in the discharge duct 
or passage between pump and inlet valve was subject to this control, 
the result being that after the pressure in the duct discharged through 
the bypass valve, no further bypassing occurred, the remainder of 
the gas from the pump passing on into the motor cylinder whether 
required or not. The blowing engines could not be governed in this : 
manner, 

117 As previously noted, at the power house a system of throttle 
regulation was early applied; and at the blowing engines, governors 
and valve gears have been applied which allow bypassing to occur 
during both suction and discharge strokes of the pump. Speed regu- 
lation at light load is rather difficult and unsatisfactory on account of 
tiss-fires and other variations in the mean effective pressure, due 
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to weak and variable mixtures under this condition. Fig. 26 shows 
the relation between bypass-valve opening and mean effective 
pressure, for the speed regulating apparatus now in use at the blowing 
engines. The character of the curve, however, varies considerably 
with the quality and pressure of the gas. _ 


CYLINDERS, PISTONS, RODS, VALVES, ETC. 

118 The average life of a motor cylinder is about four or five 
years, during which time the wear as measured on a diameter is 
about three-eighths inches. The cylinder is then bored out and 
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bushed. There are practically no cylinder failures from any cause 
other than wear. 

119 Exhaust ports at power house No.1 become clogged with 
flue dirt and require cleaning after about three months of operation. 
Exhaust ports at the blowing-engine houses do not foul at ail. 
The difference is probably due to the cleaner gas at the blowing- 
engine houses, and possibly in some degree to the precipitation of 
moisture and dirt in the 96-in. headers. 

120 Cylinder relief valves require cleaning about once a mont). 

7 Jackets of cylinders and heads are cleaned about once a year. 
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121 Cylinders and pistons are inspected only when conditions in- 
dicate. Their wear is measured and recorded at the same time. 
A test for tightness consists in placing the crank on the dead point and 
subjecting one end of the cylinder to air or exhaust pressure, the 
plugs being removed from the opposite head to indicate leakage, if 
any, through the piston. Details of a 38}-in. cylinder are shown in 
Fig 17. 

122 The 38}-in. pistons have a life of from three to five years. 
There are but few piston failures due to any cause other than wear. 
A few have occurred which have been due to the water connections 
falling down inside the piston and wearing a hole through the bottom. 
When a piston has worn, say fs in. at the bottom, it is turned over 
and used in a standard cylinder. There are at present two standard 
diameters, 38} in. for new cylinders and 37} in. for bushed cylinders. 


( \ \13 Pipe 
‘Drain Valve 12''Pipe 
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Fia. 27 Device ror StrippinG Rops 


123 The large piston nuts, when dismantling a piston, are heated, 
removed, cleaned up in the lathe and used again. About half of the 
small piston nuts have to be split off, the rest being utilized again. 
There is considerable corrosion around the studs and nuts, and at the 
joint between rod and piston, thus forming what may be called a rust 
joint. The tail rods are removed from the piston either by means of 
the special device shown in Fig. 27 or by means of screw jacks and 
rams. When using the former, the concentric pipes are first cooled 
with water and the nut at the end of the tail rod set up; steam is 
then admitted between the pipes at atmospheric pressure to lengthen 
the pipes. This cycleis repeated until the rod is free from the piston. 
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When it becomes necessary to remove the piston rod, the piston is 


broken away, either with dynamite or under the drop hammer. 

124 The wear of piston rods occurs principally at the end of the 
stroke and amounts to about a quarter of an inch on the diameter in 
three years. It is then turned and will suffice for two or three years 
more. 

125 The average life of the motor cylinder heads is not well 
established, but it may be set at three years or more. A few of th¢ 
original heads at the blowing engines are still in service. Failures of 
these occur principally at the junction of the jacket wall and the 
main flange on each side of the inlet valve chamber, but this trouble 
has been substantially eliminated by employing proper fillets. Some 
heads have developed cracks through the inner wall; two or three have 
had the inner walls blown entirely away, but this was found due to 
faulty castings. 

126 The inlet valves last about three years before turning and 
about the same time after they are turned down. They do not require 
grinding-in except when new. Stems are broken occasionally near 
the top yoke. Little cleaning of the inlet valve or the ports is neces- 
sary. 

127 Gas pump cylinders and heads require cleaning every six 
to eight months on account of dirt getting into the clearance near the 
bottom. By feeding a little kerosene into the suction pipe, clean- 
ing of the pump valves is avoided. 

128 Cylinder heads are packed principally with 34-in. woven wire 
insertion asbestos sheet. Piston joints are made up either with # -in. 
wetted asbestos paper, or with a paste of litharge and glycerine, or 
with another form of packing known under the trade name of “900.” 
All give satisfactory results. 

129 The life of the 1,',-in. snap piston rings is about two years. 
The openings are securely dowelled in place near the bottom of the 
cylinder, being thus effectively closed by the piston, which is always 
in contact with the bottom of the cylinder. 

130 The piston rods are packed with four cast-iron rings of the 
Walker type in a casing exterior to the head. Packings are overhauled 
about every six months to renew broken springs and rings. Casings 
are trued up at the time of overhauling the piston once in two or 
three years. 

131 The swinging connections for the piston water supply re- 
quire to be packed about twice a year. The life of the brass goose 
necks is about two years. 
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132 Kod connections require keying up on the left side once a 
year and on the right side once in two months. The main bearings 
have required no adjustments. 

133 The life of the inlet cams is about six years. Wear of the steel 
gears of the layshaft occurs on four teeth at the end of four or five 
years; the gears are then shifted on the shaft so that unworn teeth are 
in action during the inlet valve opening. 

134 The inlet valves are operated through heavy push rods driven 
by cams and rollers. High inertia stresses are thus developed at 
the higher engine speeds. With present inlet valve springs which 
operate under a compression of 2500 to 3500 lb. at the blowing 
engines, the roller leaves contact with the cam at about 65 to 70 
r.p.m. Many of the original push rods have been broken by the result- 
ing inertia stresses and new and stronger rods have been made. 

135 As previously stated the shaft of the 2000-h.p. engine is of 
the built-up type and it has been the cause of no trouble whatever. 
There have been, however, several shaft breakages at the 1000-h.p. 
engines which have shafts forged in one piece and operate at 100 r.p.m. 
The author has made no investigation relative to the stresses in these 
shafts, but believes that their life would have been longer had they _ 
been of the built-up type and of present diameters. 

136 At the 1000-h.p. engines there has also been trouble with 
certain brackets and fastenings due to inertia stresses set up by the 
inlet gear. Since the governor is driven from the layshaft, consider- 
able wear is imposed on the mechanism due to reversal of the torque 
at the layshaft as the point of each cam passes under the roller. Some 
trouble from prematures at the 1000-h.p. engines was experienced, 
due to the indicator holes through the flange of the cylinder head 
W: ater cooled indic ator connections were substituted. 


OPERATING COSTS 


137. Thefuel consumption at the blowing engines amounts to about 
18,500 B.t.u. per i.h.p. hour at the blowing cylinder, equivalent to 
162,000,000 B.t.u. per h.p. year of 8760 hours. This is equivalent 
to 5.79 long tons of steam coal which has a heating value of 28,000,000 
Ii.t.u. per ton. Assuming the price of such coal to be $2 per ton, 
the fuel cost becomes $11.58 per delivered h.p. year of 8760 hours. 

138 Other operating costs at blowing-engine house No. 2 for the 
year 1907 were as follows. A continuous output of 6000 h.p. at the 
| owing cylinders was assumed, which is as nearly correct as possible, 
and on this basis the various costs were itemized. 
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OPERATING COSTS AT BLUWING-ENGINE HOUSE NO. 2, 1907 


Item Cost per d.h.p. year 
Producing labor 
Labor to repairs and’ maintenance 
Material to repairs and maintenance 
General 


"7 


The total cost of fuel and operation under the conditions assumed is 


therefore $21.52 per h.p. year of 8760 hours. 
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Fig. 28 Gross MECHANICAL EFFICIENCY CURVE 
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OBSERVED QUANTITATIVE RESULTS 


139 Some material pertaining to this subject has already been 
indicated under the heading of General Notes Relating to Operation. 
A series of efficiency trials, data upon which are tabulated in Appen- 
dix No.3, was run upon one of the blowing engines from which deduc- 
tions have been made upon the performance of the engine under 
different conditions of operation. 


& 


| 
ii 


Tittet 


Efficiency per motor h.p. 
ver cent 


Average M.e.p.—motor cylinders 


Heat TRANSFORMING EFFICIENCY OF Moror CYLINDER 


Thousands of 5.t.u. per motor h.p. 


40 
M.e.p.— motor cylinder 


Fic. 31 Heat Consumep per Motor H.P-Hr. 


and bypass alternately, at least one trial being made under each con- 
dition of governing at various blast pressures. In the tabulation, 
these trials are grouped in pairs, the several blast pressures intended 


being respectively 5, 10, 15, 20 and 25 lb. per sq. in. nominal gage 
pressure. It was expected that the bypass method of regulation 
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140 The speed regulation during these trials was by throttle 
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Fig. 33° Heat ConsuMED PER NET I.H.P-Hr. 
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would show an advantage due to reduced pump work, ete., but such 
assumption does not seem to be proven, the blast horsepower efficien- 
cies showing substantially the same figure under corresponding load 
conditions. 

141 Fig.28 represents the gross mechanical efficiency of the mech- 
anism plotted against the blast pressure. It is the ratio of the sum 
of pump and compressor horsepowers to the total indicated motor 
horsepower, and is a measure of the degradation due alone to the 
mechanical friction of the mechanism. Fig. 29 represents the net 
mechanical efficiency of the engine, or the ratio of useful work in 


40 


Thousands of B.t.u. per blast h.p—hr. 


io 
M.e,.p.-motor cylinder 


Fie. 35 Heat ConsuMED PER Buast H.P-Hr. 


the blowing cylinder to total indicated work in the motor cylinders, 
and is a measure of the loss due to the sum of pump work and mechan- 
ical friction. A third figure, which might be termed the “‘real’’ me- 
chanical efficiency, would be the ratio of work delivered at the blow- 
ing cylinder, to the difference between motor work and pump work; 
or the ratio of delivered indicated horsepower, to net indicated motor 
horsepower. 

142. The expression net i.h.p. occurring in the tabulated material 
from the various engine trials is herewith defined as the difference 
between the total indicated horsepower of the motor cylinders, and 
the total indicated horsepower of the pumps. Having in mind the 
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above definition, the curves relating to heat-transforming efficiency, 
and heat consumption, indicated in Figs. 30 to 35 are self-explanatory, 

143 Figs. 36 and 37 are measures of the degradation due to pump 
work, the upper curve in each figure representing throttle test and 
the lower curve bypass governing test. The curves would have 
been modified in some degree, had the gas supply pipe and venturi 
meter been of larger dimensions. 

144 Figs. 38 and 39 show the losses due to friction of the mechan- 
ism. Figs. 40 and 41 indicate the losses occurring due to incomplete 
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' Pump work-per cent 
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40 50 
M.e.p. motor cylinder 


Fie. 37 Pump WorK—B.t.v. per Motor H.P-Hr. 


combustion in the motor cylinders under the various load conditions. 
As will be noted the minimum loss due to this cause is about 30 per 
low cent of the total heat supplied to the engine and accounts for the 
conversion efficiency of less than 15 per cent shown by these engines. 

145 The diagrams of jacket losses shown in Figs. 42 and 43 
apparently indicate that losses due to this cause are somewhat erratic 
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in magnitude. In Fig. 43 an attempt was made to modify these dis- 
crepancies by introducing a speed factor, with indifferent success. 
The jacket loss here shown is believed to be considerably less than 
is usual with engines of the four-stroke cycle type. 

146 Figs. 44 and 45 represent the sensible heat in the exhaust or 
the balance by difference. 
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€ ‘147 «‘Fig. 46 is a chart of the various horsepowers plotted against 


the average blast pressure and Fig. 47 is a diagram of the correspond- 
‘ig percentages based on the motor indicated horsepower and referred 
‘o the same abscissae. In Fig. 46 the respective straight line locii of 
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the motor anise and pump horsepower were produced in broken 
line to intersect the zero axis. The corresponding intercepts show the 
probable respective values of these quantities at zero blast-pressure. 
The difference between these two values will then bethe probable fric- 
tion under conditions of zero blast-pressure. From these assumed prob- 


Loss— per cent total heat 


30 40 60 
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Fig. 40 INCOMPLETE CoMBUSTION—PER CENT oF ToTAL HEAT 


Loss- B.t.u.per motor h.p.-hr. 


30 
M.e.p-—motor cylinder 


. 41 IncompLetp PER Motor H.P-HRr. 


able values, corresponding figures were calculated to apply tothe per- 

- centage chart of Fig. 47, and the respective percentage curves were 
_ produced, as shown in broken line, to meet these values. 

148 It will be observed that the horsepower of friction at constant 

speed varies in considerable degree, and inversely with the torque. 
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This may be explained in whole or in part, when it is remembered that 
the pressure at the bearing is a differential between that due to the 
inertia of the reciprocating parts and that due to the pressure in th: 
motor cylinder, the inertia pressure being in excess. The _— 


per cent of total heat 


Sensible heat in exhaust— 
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. 44 Sensrpte Heat Exnavust—Per Cent or Toran 


Loss-B.t.u. per motor h.p,-hr. 
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Fig. 45 Heat Exunaust—B.t.v. PER Moror H.P-Hr. 


pressures at the dead points are therefore reduced by the pressures 
of compression and explosion. 
149 Figs. 48 and 49 are efficiency and heat unas curves 


obtained from tests of the 1000-h.p. engines. 
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INVESTIGATION TO DETERMINE RELATION BETWEEN POINT OF 
IGNITION AND SPEED OF ROTATION 


150 In this investigation an engine indicator was utilized, the drum motion 
of the same being derived from the gas pump crosshead. A cord attached tothe 
pencil lever of the indicator was connected first to the magneto lever, and 
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second to a crank arm on the igniter stem. In this manner the timing of the 
magneto release, and of the opening of the igniter terminals, both relative to the 
motion of the gas pump crosshead, were obtained. This investigation was con- 

"ate by E. E. Kiger and the results are shown in the form of curves in Figs. 
50 to 54 inclusive. 


5 1 


Ignit ion ‘poin 


Past center 


Past center 


o 


hie, center—in 


& 


& 


| 


if 


Ignition assumed half way between 
times of striking and extreme position 
of igniter. 


Pdsition of motor crosshead-beto 


3 
5 
a 
3) 
S 
2 
3 
x 


|] ae 


- Fie. 51 Positions or Motor CRANK AND CROSSHEAD FOR VARIOUS IGNITION 
POINTS WHEN IGNITER OPENS 


151 Following is the explanation of the curves as taken from Mr. Kiger’s 
report. 

152 ‘Curves of Fig. 50 are diagrams of the relative positions of motor 
Cor _ erank and motor crosshead to the pump stroke or crosshead, and were drawn 
7 by laying out the various positions from the relative crank angles of the engine. 
153 ‘‘These diagrams were used to locate ignition points relative to motor 
crank and crosshead after having determined them by experiment relative to 

the pump crosshead. 
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154 ‘‘Curves on sheet Fig. 51—Diagrams were taken on an indicator pulled 
from the pump crosshead, the pencil being attached by cord to the igniter. 
The point taken for ignition is one that is half way between the point of striking 
the igniter and the extreme position of the igniter. Motor cards were taken 
together with the ignition cards at different points of ignition from 5 to 9 on the 
arbitrary index scale of the engine. A series of cards was taken at two speeds, 
54 and 61 r.p.m. Enough gas was used at all ignitions to produce good motor 
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Fia. 52 Posrrions or Motor CRANK AND CROSSHEAD AT RELEASE OF MaG- 
NETO LEVER FOR Various IGNITION PoINTs 


cards by regulating the opposite side of the engine. Using curves of Fig. 50, 
these points were transferred from pump base to motor base as shown on 
Fig. 51. 

155 ‘Curves of Fig. 52—Location of motor crank and crosshead is shown at 
release of magneto lever for the various ignition points on the arbitrary scale. 
Curves were obtained in similar manner to those on Fig. 51, except that the cord 
was attached to the release lever of the magneto, instead of to the igniter. 

156 ‘Curves on Fig. 53—While Fig. 51 shows positions for two speeds, Fig. 
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Fia. 53 Positions or Motor CRANK AND CROSSHEAD AND IGNITION POINTs 
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Fig. 54 LAG BETWEEN LEVER RELBASE AND IGNITER OPBNING 
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tions ” the furnace. Engine was regulated to give good cards at all speeds. 
Read by tracing on horizontal from left to right, when intersecting a curve, 
read down to obtain correct abscissa. A straight line, shown dotted, was 
used for governor work. 

157 ‘‘Curves on Fig. 54—Curve as per points was made by combining 52 
and 53, giving the lag angle of crank of motor between release of magneto lever 
and ignition. No points were obtained at low speeds, but at zero speed there 
would be zero lag angle, therefore the more probable curve is as shown 
dotted.”’ 

158 The motion of the pump was used because of its greater rapidity during 
the ignition period, thus securing greater accuracy of observation than if the 
direct motion of the motor crosshead had been utilized. Fig. 53 shows that the 
actual opening of the igniter circuit occurs under lead angles varying from 
30.5 deg. at 30 r.p.m. to 37.5 deg. at 60 r.p.m. in order to produce proper timing 
of the combustion as determined from simultaneous indicator diagrams of the 
work inthe motorcylinder. Thecorresponding timing of the release of the mag- 
neto lever is seen to vary from about 36 deg. at 30 r.p.m. to 47 deg. at 60 r.p.m. 
The time at which combustion was complete, as determined from the in- 
spection of simultaneous work diagrams in the motor cylinder, was maintained 
constant, as nearly as could be estimated, at about 10 deg. past the motor crank 
center. 
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DIAGRAM SHOWING LOSSES DUE TO AIR AND GAS PUMPS 


159 Fig. 56 shows crank circle diagram of the various events for the motor 
cylinder, the timing of the various events such as opening and closing the 
inlet and exhaust valves, etc., being indicated in degrees referred to the motor 
crank dead points. 

160 Figs. 55, 57 and 58 are pressure diagrams taken at the various pump 
cylinders and connections as noted thereon. Fig. 57 is an average of head 
and crank diagrams referred to a pump-piston motion baseline. Figs. 55 and 58 
are similar diagrams referred tothe motion of the motor piston. The method of 
governing at the time these diagrams were taken was throttling. From the dia- 
grams the pressure losses through the various parts of the apparatus supplying 
air and gas may be deduced. This pump work, amounting to 20 per cent or more 
of the indicated horsepower, is one of the limiting factors preventing the 
attainment of the best economy from the engines as constructed. 
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Fie. 57 AvEeRAGE DIAGRAMS FROM GAS AND AIR Pumps (Pump Base) 
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APPENDIX No. 3 
DATA UPON EFFICIENCY TRIALS OF 2000-H.P. BLOWING ENGINE 


161 The following matter is principally the tabulation of data and calcu- 
lated results from a series of efficiency trials at one of the blowing engines. 

162 The measurement of the gas was by means of a 16-in. venturi meter in 
the gas-supply pipe leading to the pumps. The general arrangement of meter, 
surge tank and piping are shown in Fig. 59. The meter is alittle small for the 
service, in consequence of which the blast pressure could not be carried beyond 


Fig. 59 GeNERAL ARRANGEMENT OF METER AND 
= 


28 lb. gage. The coefficient of the meter was assumed to be unity, and no cor” 
rections were made for dirt or moisture in the gas, same not being observed. 
163 The composition of the gas was obtained by means of an Orsat apparatus, 
which was equipped with a palladium tube for the determination of hydrogen. 
A continuous sample was taken and analyzed at the end of the trial; another 
was taken from each of the exhaust pipes and analyzed after the completion of 
the run. Correction of the carbon-monoxide in the exhaust gases was made as 
shown in the correction chart for Orsat apparatus, Fig. 60, plotted from the 
data of Dennis and Edgar. For determining the calorific power of the gas, the 
high heating value of the gas, as calculated from the analysis, was used. 
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Fia. 60 CorrecTION CHART FOR OrsAT APPARATUS 


164 The jacket water was determined by means of two orifices in a thin 
plate, one inserted in each piston water-supply pipe. The calibration curves 
of these orifices are shown in Figs. 61 and 62. 

165 The calibrations of all instruments used for observing pressures and 
temperatures were known. The diameters of the various cylinders were not 
calipered, but the error due to this neglect can not be great. 

166 Representative indicator diagrams for various of the tests are shown in 
Figs. 63 to 67. The various efficiencies and heat consumptions are indicated 
the form of curves. In the plotting of these curves, tests 31 and 36 were 
disregarded because of discrepancies in the gas analyses. 

167 The dilution coefficient of the exhaust gases includes the scavenging 
air. The method used for obtaining the coefficient is given below. 
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Fia. 62 Ortrice CALIBRATION CURVES 


= nitrogen in fuel 
nitrogen in theoretic air for combustion 
= nitrogen in actual air supplied 
nitrogen in excess air supplied 
= nitrogen in products of combustion 
= dilution coefficient 


N2 N.+N; 
N, N; N. 
168 Equation [1] is true for volume or weight analysis, and if little or no 
nitrogen exists in the fuel, then N; = N, and, as is usual, 


for weight analysis 


co ) 
28 


169 In the present instance, where the fuel contained appreciable nitrogen, 
the following methods and notation were used, the volume analysis of the 


exhaust gases being reduced to equivalent weight analysis: 
A=theoretic air required in lb. per min. 
a O=weight fraction of oxygen in exhaust gases 
CO=weight fraction of CO in exhaust gases 


< 


1430 
DILUTION COEFFICIENT OF EXHAUST GASES 
} 
aw 
a 
N—N; 
= for volume analysis 
a 79 0) 
4 y — 1877/6 


E. P. COLEMAN nd heen 


= weight fraction of nitrogen in exhaust gases 
nitrogen in fuel in lb. per min. 


= air supplied in lb. per min. 
exhaust gases in lb. per min. > te eo - 


0.7677 Y + No = NZ = total nitrogen........ 


Z 0 16 
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TEST OF NO.2 GAS ENGINE AT 7.65-LB. BLAST PRESSURE 


RELATING TO TESTS 


1 Numberof test 27 37 
2 Date of test, 1909... April 9 April 15 
3 Duration of test, min 60 60 
4 Method of regulation Throttle Bypass 
5 Sets of indicator diagrams 9 9 ieee 
6 Venturi meter 
Pipe diameter 16 in., area 1.396 sq. ft. 
Throat diameter.......... . 6} In., area 0.213 sq. ft. 
7 Number of venturi observations..... 
9 Gas pressure, in. water..................... 
10 P,—Ps, in. water 
11 Gas temperature, deg. fahr 
12 Barometer, in. mercury........ aha 
13 Absolute pipe pressure, Ib. per sq. in 14. 58749 (14.99743 
14 Absolute throat pressure, Ib. per sq. in 13.99642 (14.19526 


P. 
15 Ratio 0.959481 0.9465 
P ' 


0.3380 


 Jacker Water 


=t--., 


17 Water used per hr., lb 
18 Temperature inlet, deg. fahr 
19 Temperature discharge, deg. fahr 


20 Water used per hr., lb 
21 Temperature inlet, deg. fahr.. 
22 Temperature discharge, deg. fahr 


— 
a 
' 
= “re 
8100 11,100 
Left Side 
10,700 
. 
~ ‘ 
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Furs. Gas BY VoLUMB 


23 COs, per cent 

24 O, per cent 

25 CO, percent 

26 H, per cent 

27 N (by difference), per cent 

28 Weight per cu. ft., standard conditions, lb 

29 Weight per cu. ft., test conditions, lb : 0.0826120 
30 Heating value per cu. ft., standard conditions, B.t.u...... : 91.771 7 
31 Heating value per. cu. ft., test conditions, B.t.u.......... ; 90.8666 


Gas AN Vv 
xHavust Gas ALYSIS BY VOLUME 


Right Side 


32 CO, per cent 

33 O, per cent 

34 CO, per cent 

35 N (by difference), per cent 


CYLINDER PRESSURES AND HORSEPOWERS 


Number of test 27 
April 9 April 15 


MEAN Err ectTiIve PRESSURES 


6.5 9.0 
Left Side 
38 t 44 
. 39 lifferer 75.2 > 
4 
Motor 
> Right 21.46 37.40 
Air pump 
pump 
tub 
HoRSEPOWERS 
Motor 
‘ 
— 
1% 
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Alr pump 
Right head 


1 Number of test 27 

2 Date of test, 1909 April 9 
3 Method of regulation Throttle 
4 Blast pressure, lb 

5 R.p.m. of engine 

6 Gas per hr., standard conditions, cu. ft 

7 Gas per hr., test conditions, cu. ft 

8 B.t.u. per cu. ft., standard conditions 

9 B.t.u. per cu. ft., test conditions 

10 Total B.t.u. in gas per hr 

11 I.h.p. of motor cylinders 

12 I.h.p. of air pumps 

13 I.h.p. of gas pumps 

14 I.h.p. of blowing cylinder 


17 Gross mechanical efficiency of engine, per cent........ ; 
18 Net efficiency of engine, per cent... 
19 Cu. ft. gas per t.h.p-hr., standard conditions 
20 Cu ft. gas per net h.p-hr., standard conditions 
21 Cu. ft. gas per blast h.p-hr., standard conditions 
23 B.t.u. per net h.p-hr 
24 B.t.u. per blast h.p-hi 
25 Efficiency per i.h.p., per cent 
26 Efficiency per net h.p., per cent 
27 Efficiency per blast h.p., per cent 
28 Dilution coefficient 
29 Potential heat jn exhaust per hr., B.t.u..........1... 
30 Heat absorbed by jacket water per hr., B.t.u 1,761,670 2,462,630 
a) Sensible heat in exhaust, etc., per hr., by difference, 


DistrisuTion oF Tota, Heat 


(2 Delivered to the blast, per cent 

83 Pump work, per cent 

34 Friction, per cent 

35 Absorbed by jacket, per cent 

36 Incomplete combustion, per cent 
$7 Balance by difference, per cent 


= 
a 
|_| 
36.26 
Gas pump 
Air tub 
= 
37 
Bypass 
8.2 
57.60 
222.635 
224,851 
91.771 
90.8666 
20,431,500 
1,280.01 
132.50 
, 
ma 
we 
=> < 
@ 
17.18 20.17 
é 


FIRST LARGE GAS-ENGINE INSTALLATION 


TEST OF NO. 2 GAS ENGINE AT 13.65 LB. BLAST PRESSURE 
DATA RELATING TO TESTS 


NMomber of 28 36 
3 Duration of test, min 60 60 
4 Method of regulation. . Throttle Bypass 
5 Gets of indieator dingrams. 9 
6 Venturi meter 
Pipe diameter, in 16, area 1.396 sq. ft. 
Throat diameter, tn 63, area 0.213 sq. ft. 
7 Number of venturi observations 13 
8 R.p.m. of engine ...... 58 
9 Gas pressure, In. water. 7.81 
10 P; — Po, in. water 16.43 
11 Gas temperature, deg. fahr 38 42.5 
12 Barometer,in. mercury 29.13 29.62 
13 Absolute pipe pressure, lb. per sq. in 14.57882 14.93479 
14 Absolute throat pressure, lb. per sq. in 13 .98594 14.04277 


15 Ratio mn 0.95933 0.9403 
0.3385 


Jacket WATER 


Right Side 
17 Water used per hr., lb ; 
18 Temperature inlet, deg. fahr........................-4-- 
19 Temperature discharge, deg. fahr 


20 Water used per hr., lb. 
21 Temperature tnlet, deg. fahr 
22 Temperature discharge, deg. fahr 


23 COs, per cent 

24 O, per cent 

25 CO, per cent 

26 H, per cent R 

27 N (by difference), per cent. i 60.2 

28 Weight per cu. ft., standard conditions, lb 0.0814471 0.0831388 
29 Weight per cu. ft., test conditions, lb 0.079886 0.0827898 
30 Heating value per cu. ft., standard conditions, B.t.u... 100.314 - 92.13 
31 Heating value per cu. ft., test conditions, B.t.u. ........ 98.391 91.7431 


Exuavust Gas ANALYSIS BY VOLUME 


Right Side 


36 COs, per cent 

37 O, per cent 

38 CO, per cent 

39 N (by difference) per cent 


4 
~ 
ib 
8000 10,900 
390 39.5 
10,750 
: 
@ 
— & 
e 
e 


PRESSURES AND HORSEPOWERS 


Number of test 


Date of test, 1909 April 15 


Motor 


Alr pump 
Right head 


Crank. 
Gas pump 
Right head . 


Motor 
Right head 301.69 
403.39 
445.37 


424.57 
Alr pump 


Right head 36.26 
Crank 36.62 


Crank. 
Air tub 


RESULTS OF TESTS 


1 Number of test Peatenes 28 36 


2 Date of test, 1909... ; ‘ April 9 
3 Method of regulation Throttle 
4 Blast pressure, Ib 

5 R.p.m. of engine......... 58 

6 Gas per hr., standard conditions, cu. ft. 193,760 

7 Gas per hr., test conditions 

8 B.t.u. per cu. ft., standard 

9 B.t.u. per cu. ft., test conditions. ... 
10 Total B.t.u. in gas per hr.. eer ern 21,611,970 
\1 Lh.p. of motor cylinders 1491.76 
2 L.h.p. of alr pumps 135.59 
13 L.h.p. of gas pumps 219.97 


April 


r 
j 
tub j 
7 
Creat 11.50 10.22 
HORSEPOWERS 
381.30 
427.51 
3.0 
3130 
37.19 
Gas pump 7 
be 
63 
of 
or 
7 


> 
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I.h.p. of blowing cylinder 899.03 
I.h.p. friction 
Gross mechanical efficiency of engine, per cent 
Net mechanical efficiency of engine, per cent........... 
Cu. ft. gas per i.h.p-hbr., standard conditious 
Cu. ft. gas per net h.p-hr., standard conditions. ....... 
Cu. ft. gas per blast h.p-hr., standard conditions 
B.t.u. per i.h.p-hr... 
3 B.t.u. per net h.p-hr. 
B.t.u. per blast h.p-hr 
5 Efficiency per t.h.p., 
27 Efficiency per blast h.p., per cent 
28 Dilution coefficient 
29 Potential heat in exhaust per hr., B.t.u................ 
30 Heat absorbed by jacket water per hr., B.t.u........... 2,878,390 2,342,880 
31 Sensible heat in exhaust, etc., per hr. by difference, 
1,966,690 


DisrrisutTion or Torat Heat 


Delivered to the blast, per cent 
3 Pump work, per cent............ 
Friction, per cent. 
5 Absorbed by jackets, per cent 
6 Incomplete combustion, per cent 
7 Balance by difference, per cent.. 


a TEST OF NO. 2 GAS ENGINE AT 17.15-LB. BLAST PRESSURE 


29 30 
April 10 April 10 
60 60 
4 Method of regulation Throttle _ Bypass 
5 Sets of indicator diagrams 9 9 
6 Venturi meter 
Pipe diameter,in... 16, area 1.396 sq. ft. 
Throat diameter, in 6}, area 0.213 sq. 
7 Number of venturi observations 
8 R.p.m. of engine 
9 Gas pressure, in. water 
10 P)-P2, in. water 
11 Gas temperature, deg. fahr 
12 Barometer, in. mercury 
13 Absolute pipe pressure, lb. sq. in 
14 Absolute throat pressure 13 .84451 


15 Ratio 4 0.933503 


Right Side 
17 Water used per hr., lb 


18 Temperature inlet, deg. fahr 388 
19 Temperature discharge, deg. fahr 4 a 


20 Water used per hr 14,800 0 
21 Temperature inlet, deg. fahr 38 
22 Temperature discharge, deg. fahr 151 


| 


| 
tm 
11.77 9.35 
5.50 4.19 
3.35 4.03 
14.81 10.84 
32.48 62.49 
32.09 9.10 | 
> 
i 
P, 
q 1.000 
40 
11,950 
40 
or 
‘ 
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Fue. Gas ANALYsis BY VoLUME 


23 COs, per cent 

25 CO, per cent 

26 H, per cent 

27 N (by difference), per cent 

28 Weight per cu. ft., standard conditions, lb.. 

29 Weight per cu. ft., test conditions, lb.. ; é 
30 Heating value per cu. ft., standard aunties. ‘B. t.u. 
31 Heating value per cu. ft., test conditions, B.t.u 


Exuavust Gas ANALYs1s BY VOLUME 


Right Side 
32 COs, per cent 
33 O, per cent 
34 CO, per cent 
35 N (by difference), per cent 


36 COs, per cent 

37 O, per cent 

38 CO, per cent 

39 N (by difference), per cent 


CYLINDER PRESSURES AND HORSEPOWERS 


Date of test, 1909 doggu See April 10 April 10 


Mean Errective Pressures 


Alr pump 
Right head 
Crank.. 

head... 


Gas pump 
Right head 


10.7 
0.2 ® 0.2 ) 
26.4 
1.3 0.5 L 
00819455 00826587 
0.077834 0.08396471 
92.149 91.75 
92.8562 
& 
11.0 
10.5 
0.5 
78.0 
Left Side 4 

Motor 

HorRSEPOWERS 

Motor 

Alr pump 
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Gas pump 
Right head 


5 R.p.m. of engine 

6 Gas per hr., standard conditions, cu. ft 

7 Gas per hr., test conditions, cu. ft 

8 B.t.u. per cu. ft., standard conditions 

9 B.t.u. per cu. ft., test conditions 

10 Total B.t.u. in gas per hr 

11 I.h.p. of motor cylinders 

12 I.h.p. of air pumps 

13 I.h.p. of gas pumps 

14 I.h.p. of blowing cylinder 

15 I.h.p. net 

16 I.h.p. friction 

17 Gross mechanical efficiency of engine, per cent 
18 Net mechanical efficiency of engine, per cent 

19 Cu. ft. gas per h.p-hr., standard conditions 

20 Cu. ft. gas per net h.p-hr., standard conditions 
21 Cu. ft. gas per blast h.p-hr., standard conditions 
23 B.t.u. per net h.p-hr 

24 B.t.u. per blast h.p-hr 

25 Efficiency per i.h.p., per cent 

26 Efficiency per net h.p., per cent............. phkewsaeen 
27 Efficiency per blast h.p., per cent 

28 Dilution coefficients 


29 Potential heat in exhaust perhr., B.t.u. .............. 6,243,500 


30 Heat absorbed by Jacket water per hr 
31 Sensible heat in exhaust, etc., per hr. by difference, 


oF Heat 


32 Delivered to the blast, per cent...................006- 
33 Pump work, per cent 

34 Friction, per cent 

35 Absorbed by jacket, per cent 

36 Incomplete combustion, per cent. .................... 
37 Bal of diff 


April 10 
Bypass 
17.1 
59.75 
223,940 
221,293 
91.759 
92.8562 
20,548,400 
1,693.91 
149.25 
227.16 
1037.33 
1317.50 
280.17 
84.43 
61.24 
132.20 
169.97 
215.88 
12,131 
15,597 
19,809 
20.98 
16.32 
12.85 
3.149 
3,048,400 
(3,282,940 


TEST OF NO.2GAS ENGINE AT 22.35-LB. BLAST PRESSURE 


1 Number of test 

2 Date of test, 1909 

3 Duration of test, min 

4 Method of regulation 

5 Sets of indicator diagrams 

6 Venturi meter 
Pipe diameter, in 
Throat diameter, in. 


31 
April 12 
60 
Bypass 


16, Area, 1.396 sq.ft. 
64, Area, 0.213 aq.ft. 


=-we 


FIRST LARGE GAS-ENGINE INSTALLATION 
= 2 Date of test, 1909....... April 10 
3 Method of regulation. . Throttle 7 
4 Blast pressure, lb ... 17.2 
61.3 
41,853 
254,630 
92.14 
87.5: 
286,500 
1,865.5: 
295.6! a 
1068. 
1377.9 
309.0! 
: 83.4: 
129.6 
175.5 
226.2 
} 11,948 
16,174 
20,850 
21.30 
15.74 
af 
— 1 12.85 
5.56 4.66 
3.53 3.47 
12.18 15.98 
28.01 14.84 
- 
is 


it 
P. COLEMAN” 


7 Number of venturi observations 


8 R.p.m. of engine 

10 P\-P2, in. water.. 

11 Gas temperature, deg. fahr 

12 Barometer, in mercury 

13 Absolute pipe pressure, Ib. sq. in 

14 Absolute throat pressure, Ib. sq. in 13 .48510 14.02797 


0.096973 0.93842 


0.412 


Jacket WATER 


Right side 
17 Water used per hr., lb........ 
18 Temperature inlet, deg. fahr.......................+--- 
19 Temperature discharge, deg. fahr................... 
Left side 
20 Water used per hr., Ib ar ca 
Temperature discharge, deg. fahr...................... 


Fue. Gas ANALYSIS BY VOLUME 


CO, percent ........ 
H, per cent 
N (by difference), per cent 
Weight per cu. ft., standard conditions, lb. . 0 0827742 
9 Weight per cu. ft., test conditions, Ib........ 00795783 
30 Heating value per cu.ft., standard conditions, B.t.u ... ; 84.61 
31 Heating value per cu. ft., test conditions, B.t.u....... 88.9072 81.3433 


Exnaust Gas ANALY8I8 BY VOLUME 


Right Side 
O, per cent... 


N (by difference), per cent.............. 
Left Side 
6 COs, per cent 
7 O, per cent 
38 CO, per cent 
N (by difference), per cent 


CYLINDER PRESSURES AND HORSEPOWERS 


April 12 
Mean Errective PrRessuREs 
Motor 
52.16 
52.70 
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A 4 
/ 
| 
4 
| 
2,600 12,200 me 
0500 40.5 
3,100 ah 12,650 
40.5 40.5 he 
167 4 | 
a 
3: 11.2 11.7 
9.8 9.8 
34 4.6 24° 
74.4 76.1 
3 96 | 10.1 
4 26 an 


4. 
FIRST LARGE GAS-ENGINE INSTALLATION 


HorsEPOWERS 


RESULTS OF TESTS 


1 Number of test 

2 Date of test, 1909 

3 Method of regulation 

4 Blast pressure, Ib 

5 R.p.m. of engine 

6 Gas per hr., standard conditions, cu. ft 

7 Gas per hr., test conditions, cu. ft 

8 B.t.u. per cu. ft., standard conditions 

9 B.t.u. per cu. ft., test conditions 

10 Total B.t.u. in gas per hr 

11 I.h.p. of motor cylinders 

12 I.h.p. 

13 L.h.p. 

14 L.h.p. 

15 I.h.p. 

16 I.h.p. friction 

17 Gross mechanical efficiency of engine, per cent 
18 Net mechanical efficiency of engine, per cent........ = 
19 Cu. ft. gas per i.h.p-hr., standard conditions 
20 Cu. ft. gas ver net h.p-hr., standard conditions ........ 
21 Cu. ft. gas per h.p-hr., standard conditions 

22 B.t.u. per i.h.p-hr 

23 B.t.u. per net. h.p-hr 

24 B.t.u. per blast h.p-hr 


April 12 
Throttle 


31 
April 12 


19,842,850 
1896.42 
150.86 
233.42 
1234.60 
1512.14 
277.54 
85.37 
65.10 
123 .67 
155.09 
189.96 
10,464 
13,122 
16,072 


sey 


Atpump 
Gas pump od 
Air tub 
- 
|| 
61.65 59.72 
2,762 243,937 
92.794 
88.902 
7,300 
2110.02 
204.93 
290.47 
1332.62 
1461.62 
282.00 
86.64 
63.16 
132.93 
154.57 
210.48 
? 2,335 
4,343 
9,531 
| 


COLEMAN 


25 Efficiency per t.h.p., per 
26 Efficiency per net h.p., per 
27 Efficiency per blast h.p., per cent................-..... 
28 Dilution coefficient, per 
29 Potential heat in exhaust per hr., B.t.u............. . 11,159,000 
30 Heat absorbed by jacket water per hr., B.t.u......... 3,481,200 
31 Sensible heat in exhaust, etc., per hr. by difference, 


Disrrisution or Toray Heat 


32 Delivered to the blast, per cent...................00005 13.03 
33 Pump work, per 4.84 
35 Absorbed by jackets, per cent......................005 13.38 
36 Incomplete combustion, per cent....................-. 42.87 
37 Balance by difference, per cent...................-.--- 23.12 


TEST OF NO. 2 GAS ENGINE AT 37.5-L.B BLAST PRESSURE 


3 Duration of test, min................ 60 4 60 

§ Sete of indicator diagrams. 9 9 

6 Venturi meter 

Pipe diameter, in............. 16, area, 1.396 sq. ft. 
7 Number of venturi observations....................... 13 13 
13 Absolute pipe pressure, Ib. per sq. in.................. 14. 66976 14.88809 
14 Absolute throat pressure, Ib. persq. in................ 13. 26678 13.0243 
0.90436 0.8748 
F 


Jacket WATER 
we 
Right Side 


21 Temperature inlet, deg. fahr..............cccecseesseee 
22 Temperature discharge, deg. fahr......... ...........+ 


Fue. Gas AnaLysis By VoLumME 


“S Weight per cu. ft., standard conditions, lb............. 0.0832257 0.083047 
29 Weight per cu. ft., test conditions, Ib.................. 0.0782805 00825485 
“0 Heating value per cu. ft., standard conditions, B.t.u. . 90.054 87.721 


“| Heating value per cu. ft., test conditions, B.t.u........ 84.7031 


— 
1441 
“the 
: 24.32 
19.39 
15.83 
2.686 
6,178,480 
2,998,690 
5,839,760 
15.83 
4.93 
3.56 
15.11 
31.14 
43 
> 
4 
a 
, - 
17 Water used per 18,650 16,300 
18 Temperature inlet, deg. fabr.....................00.008 42.3 40 7 
19 Temperature discharge, deg. fahr...................... 167.1 147.4 
0,000 17,650 yy 
‘i 
= 1@ 
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>, Exsaust Gas ANALYSIS BY VOLUME 

Right Side 


32 CO, per cent 

33 O, per cent 

34 CO, per cent 

35 N (by difference), per cent 


Left Side 
37 O, per cent 
38 CO, per cent 
39 N (by difference), per cent 5.3 


CYLINDER PRESSURES AND HORSEPOWERS 


Number of test ; 33 35 
Date of test, 1909...... April 13 April 14 


Mean Errective Pressures 
Motor 


Air pump 
Right head 


if 


ya 


rv 
4 Ar 
12.1 12.1 
8.5 
4.5 35 
: 5 7 
ll 6 
90 
34 
60 
Crank 2 55.37 
Gas Pump 
4.64 
Air tub 
HorseEPOWERS 
Air pump 
Air tub 
2 


E. P. COLEMAN 


RESULTS OF TESTS 


Number of test ere 33 
Date of test, 1909 April 13 April 14 
Method of regulation Bypass Bypass 
Blast pressure, lb 27.7 
58.62 
325,429 
327,501 
B.t.u. per cu. ft., standard conditions.................. 90 0: 87.721 
B.t.u. per cu. ft., test conditions : § 7.1661 
10 Total B.t.u. in gas per hr... . 25,171,200 28,546,970 
I.h.p. of motor cylinders .. 1945.37 2178 06 
I.h.p. of air pumps......... ; 157.40 203.90 
I.h.p. of gas pumps.. 214 86 270.27 
I.h.p. of blowing cylinder. . 1330.28 1447 41 
242.83 
87.52 88 22 
Net mechanical efficiency of engine, per cent 68.38 "a 66 45 
Cu. ft. gas per t.h.p-hr., standard conditions 143.68 149 41 
Cu. ft. gas per net h.p-hr., standard conditions....... . 177.68 Past” 191.00 
Cu. ft. gas per blast h.p-hr., standard conditions 210 12 7 224.84 
B.t.u. per t.h.p-hr 12,939 13,107 
B.t.u. per net h.p-hr............ 16,001 
B.t.u. per blast h.p-hr..... 18,922 
Efficiency per i.h.p., per 19.67 
Efficiency per i.h.p., per cent ; 15.91 
Efficiency per blast h.p., per cent 13.45 
1.947 
10,106,760 
Heat absorbed by jacket water per hr., B.t.u_..... 4,880,850 
Sensib's heat in exhaust, etc., per hr. by difference, 


DistrRIBUTION OF Tota. Heat 


Delivered to the blast, per cent.... 
Pump work, per cent... 
Friction, per cent.. 

5 Absorbed by jackets, per cent 
Incomplete combustion, per cent 
Balance by difference, per cent 


1443 
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GAS-ENGINE INSTALLATION 


Left head - Seale 155.3, m.e.p. 38,82 


Fig. 63a AveRAGE Motor D1aGcraM—TEst 37—5 Ls. BLast 


Head Crank 
m.e.p. 4.54 m.e.p. 4.49 


Right gas - Seale 10.35 


Head 


m e.p. 4.20 


Right air - Scale 10,36 


Fig. 636 AveraGeE Pump Diacram—TeEst 37—5 Ls. Buiast 


1444 FIRST LARG? 

= 

pps 
Right head - Seale 149.7, m.e.p. 37.63 
66) 
‘ 
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Right head - Seale 349.7, m.e.p. 31.45 


Left head - Scale 155.3, m.e.p. 46.21 


Fic. 64a AveracGe Motor Diacram—Test 28—10 Ls. Buast 


Crank 


Right gas - Seale 10.35 


Head Crank 
m.e.p. 4.46 


Right air - Scale 10.36 
Fia. 646 Averace Pump Diacram—Test 28—10 Ls. Biasr 


1445 
4 
. 
: | 
om 
| 
e 
5 
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FIRST LARGE GAS-ENGINE INSTALLATION 


Right head - Seale 149.7, m.e.p. 44.15 


Left head - Seale 155.3, m.e.p. 42.35 


Fig. 65a AverAGE Motor 30—15 Ls. BuLast 


Crank - Seale 21.05,m.e.p. 12.60 


Fic. 656 AVERAGE COMPRESSOR 30—15 Ls. Buast 


| 1446 
on 
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P. 


Head Crank 
4.55 m.e.p. 4.32 


Seale 10.56 


Crank 
m.e.p. 4.40 


Left air - Seale 10.51 


Crank 
m.e.p. 


Left gas - Scale 10.35 


Head 9 
& 
? 
Lett gas - Seale 10.44 
Fic. 65c AVERAGE Pump Diagram—Test 30—15 Ls. 


FIRST LARGE GAS-ENGINE INSTALLATION 


Right head - Scale 149.7, m.e.p. 45.92 


Left head - Seale 155.3, m.e.p. 52.62 


Fic. 66a AvERAGE Motor DiaGram—TEst 32—20 Lp. Buiast 
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E 
= 
‘ Head - Seale 20.4, m.e.p. 15.44 
Fic. 666 AVERAGE ComprREssoR D1aAGRaAM—TEsT 32—20 LB. Buast 
= 
: 


Crank 
5.87 


m.e.p. 5.82 


= Head Crank 
a 


Left air - Seale 10.31 


Head 
m.e.p. 5.78 


Crank 
m.e.p. 5.78 


Seale 10.35 


Right gas - 


Head 


m.e.p. 6.21 


Crank 
m.e.p. 6.00 


Left gas - Seale 10.44 


Fic. 66c AVERAGE Pump DiaGram—TEst 32—20 Lp. Buiast 


= 6 


a 
it. Crank - Seale 21.05, m.e.p. 18.58 = 6 
Fia. 67a AVERAGE Compressor DIAGRAM—TeEst 35—25 Lu. 


m e.p. 5.63 | » 
a 
A’ 
— 
| 
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Right head -Scale 149.7, m.e.p, 52.14 


25 Ln. Buast 


Crank 
m.e.p. 5.76 m.¢.p. 5.79 


Right air - Scale 10.56 


Head ‘ Crank 


m.e.p. 5.45 my 5.45 


Right gas - Scale 10.85 


Fia. AveRAGE Pump 35—25 Ls. BuLast 


= owe 
‘ 
— 
Ne 
e 
Left crank - Seale 161.9, m.e.p, 55.06 
; te 
a Fic. 67> Averace Motor Diacram—Test 
a) 
= 
i 
i 
| 
q 


SCUSSION 


J. Morean. The development of the steam turbine as an effi- 
cient motor of high rotative speed gives to the metallurgical engineer 
the further development of the turbo-multiple stage blowing engines, 
first put in operation in 1904 at Middlesboro, England, and now with 
over 20 similar machines at English, Scotch and Continental works. 

There are two such machines blowing furnaces in this country, 
with several others building. ‘This bids fair to be the furnace blow- 
ing engine of the future, which the works’ engineer must compare 
with the present complicated reciprocating blowing engine, whether 
gas or steam driven. 

The advantage of the turbo-blower should prove to be fair over-all 
economy, small size, cheapness, absence of. valve mechanism, les- 
sened repairs, small attendance and other operating costs; in short, 
its small fixed and operating charges. 

There has been some discussion indicating that the gas engine 
should be put in a dust proof box, one advantage the turbine now has. 
It, is an enclosed mechanism. It is also a hardy mechanism, and its 
maintenance must be less than that of any reciprocating engine we 
know of. 

With reference to German conditions, we must remember that 
coal is about $2.50 a ton in the Westphalian district and labor and 
material are cheaper there than here, so that the maintenance costs 
in Germany are comparatively lower, and consequently heavier 
running expenses can be tolerated. I have tried to state these facts 
more definitely, emphasizing at the same time that I do not know 
much about the costs of repairs of gas engines. 

The question of gas installation at works is to be considered from 
the economic point of view. Mr. Coleman’s paper is most valuable 
in its facts and experiences. It is a message of cheer to the engi- 
neer who proposes to install gas engines. There can be nothing worse 
to come. The history of the work of the Lackawanna engineers is 
a tribute to their resourcefulness, patience and courage. 

It is not certain that the gas engine, in its present condition, has 
un economical use at any American steel works. They are now a 
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fashion. In the discussion of Mr. Freyn’s notable paper,! Mr. 
Maccoun sounds a necessary note of caution that “all the conditions 
should be studied,” and later, “in many cases gas-engine installation 
may be carried too far.”’ ; 

It seems certain that in the present state of the art the steel works 
located in the cheap coal districts cannot use gas engines economically. 
It is a question if any of our steel works are now so located that they 
van. Colorado, Tennessee and the Pittsburg districts all have coal! 
nearly at their doors, while Chicago, Gary, Buffalo, Pennsylvania and 
Bethlehem are in the debatable region. 

The items that now enter into the discussion in the order of their 
importance are, first, the fixed charges; next the fuel cost and then 
the operating costs and repairs. 

If it is proposed to use gas engines for the purpose of economizing 
in the generation of electrical power for example, we find almost 
any steel works plant has a load factor of less than 50 per cent, for 
the reason that power plants must be built to meet the maximum 
demand, and when in any such plant, deduction is made for Sundays, 
holidays and spare engines, there are few working plants that run 
with a 50 per cent load factor. The Cambria plant runs aboui 45 
per cent, so that 50 per cent or less, is about the load under which the 
cost of producing curreat must be considered. 

The relative costs of gas-engine and turbine plants are very nearly 
two to one. A large modern turbine plant including boilers can be 
built for about $50 or $55 per kilowatt capacity, and a gas-engine 
plant, including the gas-cleaning apparatus, costs about $96 per kilo- 
watt capacity. 

This estimated cost of turbine-generator plant embraces every- 
thing from the coal-handling machinery and boilers to the switch 
board. It has been repeatedly checked and is confirmed in the paper 
by Mr. Varney and by many other engineers who have built turbo- 
electric plants. The gas-engine plant is based upon the actual costs 
of gas engines and other details and is complete from the gas-cleaning 
plant at the blast furnace to the switch board inclusive. The great 
difference of cost comes from the fact that one plant has high-speed 
rotative machinery and the other has slow-speed and necessarily 
massive reciprocating engines. 

It is possible some great advance in the art may change this pre- 
sent condition of relative cost, but considering the present, we have 
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constructed a diagram, Fig. 68, representing the approximate and 
relative costs per kilowatt-hour as affected by fixed charges, fuel 
charges and by operating costs for labor, material and repairs. Mr. 
Stott, in his Toronto paper! divided these more minutely, but this is 
unnecessary for this discussion. SAS Sr 
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Operating and fixed charges 


lia. 68 ApproxIMAT£ AND RELATive Costs or Evecrric CURRENT PRODUCED 
BY Buast-FurNAcE Gas ENGINES VERSUS STEAM TURBINES 


Fixed Charges. In the diagram at 50 per cent load factor, the gas 
engine starts with a handicap of about $0.001 per kw-hr. for its— 
excess of fixed charges over the fixed charges of the turbine plant. 
This is assuming equal life, with 11 per cent fixed charges for both 
plants, which is flattering to the gas engine, since the chances of obso- — 
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lescence are against the most novel, the most costly and the most 
complicated machine. It is probable the gas-engine plant should 
have fixed charges at 14 per cent. 

Fuel Cost. This is considered to include the labor and other expen- 
ses to make steam in boilers or to wash blast-furmace gas, to serve the 
steam to the turbine or the gas to the gas engine. 

The fuel of five large turbo-electric generating plants averages 
2.94 lb. of coal per kw-hr. This covers all auxiliaries. At this 
rate coal at $1 per gross ton, with the addition of $0.50 per ton to cover 
all boiler charges, gives a charge for steam at the turbine of $0.197 
per kw-hr. Under boilers 318,000 cu. ft. of gas equals a ton of coal 
at 13,000 B.t.u. per Ib. and 95 B.t.u. per cu. ft., and is also valued 
at $1. It costs $0.75 to clean this gas ready for the engine. Its 
value at the engine is therefore $1.72, but it will produce twice as 
much electrical output as a ton of coal. This gives the relative cost 
of the heat from the coal and gas delivered at the engines as $1.50 
for the steam from the ton of coal fired under boilers, and one-half 
of $1.72 is $0.86 for the heat of combustion of the washed gas when 
used in the engine; both for the same electrical output. 

On the above basis the cost of gas fuel used in a gas engine is about 
57 per cent of the cost of steam supplied to a turbine to produce the 
same electrical output, a saving of 43 per cent in fuel cost. Taking 
57 per cent of the above steam cost gives $0.112 as the cost per 
kw-hr. of the gas fuel for the gas engine. The saving therefore is 
$0.085 per kw-hr. This is less than the increased fixed charge $0.105 
per kw. of the gas engine over the turbine plant. 

Other Expenses. These are the engine-room labor for attendance 
and repairs, the lubricants, waste and repair material. Mr. Stott 
estimates the charges for maintenance, attendance, repairs, lubri- 
cants and supplies for gas engines about three times that for turbo- 
driven generators, confirming our own experience with reciprocating 
and turbine plants. 

In the five turbine plants before mentioned, the charges for engine- 
room labor, material and repairs is $0.126 per kw-hr., and the dia- 
gram is so drawn for the turbine plant. These charges are doubled 
for a gas-engine plant, which increases the cost of production and 
makes the diagram still more unfavorable to gas-engine plants. For 
these reasons it seems the gas engine cannot now be recommende: 
as an economical appliance in regions of cheap coal, and we should 
await its further development or a decreased cost per unit. 

It is to be understood that the curves in Fig. 68 apply to a plan’ 
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of at least 10,000 kw. capacity, where fuel may be obtained at a 
price of $1 delivered, or such conditions as obtain at large steel works 
in the cheap coal regions. If plants of smaller capacity, with smaller 
units, or with higher priced coal, should be taken into consideratiou, 
the relative costs, efficiencies and operating expense may vary. 


W. A. Bote. It might be inferred by a person reading this paper 
that the gas engine was of necessity a short-lived apparatus without 
sufficient powers of endurance, and it is timely, | think, that some 
evidence to contradict this impression should be presented. 

The Lackawanna installation is the first of the large installations 
in this country. I think the next in point of age is the installation 
by the Westinghouse Machine Company at the Edgar Thomson 
Steel Works, and the first engine was put in operation there in 1906. 
I received this morning from the officials of the latter company, 
data, which I have not had time to reduce to definite shape, but 
which I hope may be of some interest. The length of service of 
four years is sufficiently long, I believe, to point out what may be 
expected. 

In Par. 76, the motor cylinders of the Koerting engine are shown 
to be of cast iron in one piece with water jackets and exhaust passage. 
The cylinder heads are of cast iron with water jackets, and are pro- 
vided with an expansion joint. Fig. 17 shows a 38}-in. motor cylinder 
in detail. 

It is my personal belief that the cylinder itself isin need of an expan- | 
sion joint quite as much as is the cylinder head. I doubt the wisdom 
of an attempt to cast a large gas-engine cylinder integral with its 
jackets. It presents a problem of considerable difficulty, and I 
think it is safe to say that the possibilities and limitations of the 
foundry should be carefully studied at the outset. It is sometimes 
easy for a designer to put things on paper that the foundryman 
finds hard to realize in active service. 

The wear of the cylinder, the life, as we say, should be the true 
measure of the design, construction and suitability of material of 
the eylinder. I have here some dimensions to indicate the small 
amount of material lost in nearly four years’ service, when the engines 
are said to have performed about 98 per cent of the time. 

I would regard the cylinders of this Koerting engine as difficult 
to cast, and the sort of iron required for obtaining long lifetime, 
would not make the foundryman’s task an easy one. 

I am a firm believer in the Westinghouse method of dividing the 
gas-engine cylinder into two parts, dividing at the center of the stroke 
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where the explosive pressure is moderately low, and where there is 
no difficulty in making a good gas-tight joint. That makes it possi- 
ble to cast both explosion ends in the ‘“‘drag,”’ or bottom, of the mold, 
thus insuring integrity at that part of the cylinder, which has the 
heaviest stresses to resist. 

In Par. 77, mention is made of the cast-iron piston and later in 
the paper the claim is made that this long piston is good for lubrica- 
tion in the engine. I think in the first place that good lubrication 
within this cylinder is conspicuous by its absence in view of the exces- 
sive wear which occurred. Furthermore it has been my own obser- 
vation that a very long piston is bad for the lubrication of any eylin- 
der, whether it is.a steam engine or a gas engine. If the packing 
rings are far apart and well spread, then during the stroke in one diree- 
tion the leading rings are liable to scrape the cylinder oil ahead of 
them, leaving the centre of the piston comparatively dry. This 
is repeated in the opposite direction on the return stroke, so that a 
long piston may be harder to lubricate than a shorter one. 

In Par. 90 mention is made of the method of lubricating the cylin- 
ders, and the location of the oil inlets. That matter is one which 
might not be regarded by persons without previous experience as the 
most important thing in connection with the lubrication, but in my 
opinion it is very important. In the Westinghouse engines to which 
I have referred, the oil is introduced at two points at each working 
end of the cylinder, and the selection of those two points was very 
important. An oil hole drilled directly above the piston rod has been 
found to be in a very disastrous position for oil inlet, for the reason 
that oil dropping from such a point may fall directly into the flame 
and in any case not where it would do most good. 

The best place for introducing cylinder oil seems to be about 30 
deg. on either side of the top centre, and then it will follow down the 
eylinder wall, being suspended by capillary attraction on the wall 
of the cylinder, hanging there until it is overtaken by the first _ 
ing ring which passes. 

It is a little surprising to find the statement in Par. 122 that Ww bes 
the piston in this engine had worn to an amount equal to ,’, in. of 
metal removed from the bottom, it was turned over and used upside 
down. I presume that the reason this piston wore so much was 
because it lay on the bottom of the cylinder, acting as an unbalancec. 
slide-valve, so that having contact with the bottom and exposed to 
extreme pressure on the top, it was pressed down against the bottom 
of the cylinder wall by the gas pressure within the cylinder, wit! 
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destructive effect. From this paragraph it may be deduced that this 
feature of design is not good. 

'n the Edgar Thomson engines the pistons are carried on piston 
rods, which in turn are carried on cross-head slides, and the pistons 
do not touch the walls at all. They are examined frequently and 
only the packing rings touch the cylinder barrels. When I come to 
the dimensions indicating wear I hope you will find they are justifi- 
cation for that particular design. 

In Par. 124, mention is made of the wear of the piston rods; and 
again an astonishing statement is made that the wear amounts to } 
in. on the diameter in 3 years. The investigation as to the amount 
of wear on the Edgar Thomson engines reveals the following: that 
these piston rods which in this engine were made of nickel steel 
and were in service approximately 33 years, have worn to an amount 
averaging 0.007 in a year. From my own experience in building 
large steam engines of the Corliss types, | would say that the life- 
time of these rods is practically as long as the rods of the steam engine 
of the same size and running practically at the same speed. 

In Par. 129 mention is made of the character and lifetime of the 
piston rings. On this particular point my information is not quite 
so clear or conclusive, and the time to throw away a piston ring has 
always seemed to be a matter of opinion, but 3 years is given as the 
estimate of the engineer in charge of this engine. 

As to the wear of the cylinders, which of course is a most important 
matter, the cylinder being about the most expensive piece of the 
engine, measurements have been taken for the 3} years in service, by 
taking the height of the shoulder at each end of the stroke; and in 
the case of one cylinder which was taken as an example, the wear 
averaged at the rate of 0.0055 radially per year. The amount of 
this shoulder left by the wear is given as 0.037 maximum and 0.008 
minimum for 3? years of service. That in turn seems to be as good 
a lifetime as is obtained from the average steam engine running at 
about the same speeds, but with much lower pressures than in the 
gas engine. 

Because of the design of the cylinders in these Edgar Thomson 
engines, it was possible to cast them of low silicon iron and low 
carbon, giving a close, dense structure of high strength, and the 
casting being divided into two sections they could be fed by very 
heavy risers on top. I think both of these features are entitled to 
some credit for the length of life and the good wearing quality. 

No inlet valves or exhaust valves have been replaced. The valves 
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have been in use from December 1906, until the present time, have 
never been reground or reseated, and are still tight. 

Mr. Morgan has emphasized the item of depreciation in a gas- 
engine plant and it may be possible to lay more stress on this 
particular point than the circumstances warrant. At all events, 
anyone contemplating the installation of a gas-power plant should 
not be too strongly influenced by the rapid deterioration of these 
Lackawanna engines. The object in presenting these more favor- 
able statistics of endurance in the case of the Edgar Thomson engines, 
is for the purpose of affording to any such investigator a more accu- 
rate conception of what can be looked for in gas engines of different 
design and of more recent construction. 


Gro. A. Orrok. The Lackawanna plant has a line of blast fur- 
naces, shown in Fig. 1 of the paper. The same drawing shows the 
engine room, but it does not show what is on the other side of the 
engine room. On the north side are the Bessemer works. The blast 
furnaces are about 40 ft. or 50 ft. to the south of the windows on the 
south side and the Bessemer steel plant is about 60 ft. or 70 ft. 
from the windows on the north side of the engine room. 

On the afternoon on which I visited the plant, four explosions or 
slips took place, scattering red ore and coke dust. It was in the sum- 
mer and the windows on the south side were all open and this red ore 
and coke dust came in and settled over the engines. On the north 
side there were three 20-ton Bessemer converters working, and the 
steel dust from those converters was dropping on the engines through 
the north windows. The pumps were 3 in. deep in steel and ore dust 
and the edges of the cylinders and the valve parts which moved slowly 
were covered with } in. of dust. Under these conditions I think the 
engines have done remarkably well, or that any engine did well that 
ran at all. I believe nine-tenths of the trouble can be laid to the 
place where the engines are located. 

Now compare the Lackawanna works with certain of the plants 
in Europe. I had the opportunity last summer of visiting four 
which are perhaps, representative plants. In these works the gas- 
engine plant is located far enough away from the furnaces to escape 
dust, and also far enough away from the Bessemer converters. All 
the windows in the line of flow of the dust are closed and in conse- 
quence, the engine rooms are clean. The floor is of tile and it is 
kept clean and the few oilers are simply engaged in the usual work on 
the machinery. Dust is absent. 
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k. A. Urnuina. I visited the gas engine plant of the Lackawanna 
Steel Company on several occasions and can corroborate what has 
been said by Mr. Orrok, that the engines had a poor chance, con- 
sidering the surrounding conditions. The troubles they had were in 
a lesser degree ‘due to design and construction of the engines than to 
other causes. The greatest mistake was, in my judgment, due to 
the fact that they put in such a large installation at once; there were 
no trained gas-engine men. 

Every machine speaks a language which must be understood by 
the attendant, if trouble is to be anticipated before damage is done, 
and it takes time and intimate experience to learn this language. 

Much of the trouble was due to imperfect cleaning of the gas and 
also, as has been remarked, to very unclean air, but probably the 
most serious damage, that is, knocked-out cylinder heads, was due to 
the variation in the composition of the gas. When they first started 
they had only two blast furnaces and when one of these furnaces had- 
a leaky tuyere the percentage of hydrogen became excessive, pre- 
ignition took place and cylinder heads were knocked out. While 
every blast-furnace man understands that water getting into a fur- 
nace through a leaky tuyere is a very bad thing, he appreciates even 
to a greater extent the fact that the furnace must be kept in operation. 
Consequently a leaky tuyere was left until flushing or casting time, | 
meanwhile making high hydrogen gas, to the detriment of the gas- : 
engine plant. When the furnacemen became aware of the conse-— 
quences, the leaky tuyeres were at once removed and this trouble very : 
largely avoided. It was entirely overcome when more blast furnaces — 
went into operation. At later visits I was informed that the gas-— 
blowing engines gave no more trouble than steam-blowing engines - 
doing the same work. 


Kk. D. Dreyrus. The disadvantageous location of the power and 
blowing houses with respect to the Bessemer converters and the 
mills at the Lackawanna plant, consequently subjecting the gas 
engines to unusual severity in operation, due to the floating particles 
of ore dust, as observed by Mr. Orrok, calls to mind a similar example 
of gas engines working under more or less extraordinary conditions. 
The Iola Portland Cement Company, Iola, Kan., had in service at 
the end of 1908, at which time an exhaustive report was made on the 
repair costs, as many as 14 four-cycle gas engines (11 verticals and 3_ 
horizontals), the majority of the verticals having been installed in 1899. 
The aggregate capacity then was 4500 b.h.p. and the average length of 
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service 5.8 years, some engines have been serving as long as 8.2 years. 
Thirty per cent more power has been added within the last two years 
by installing two large horizontals. These engines are direct connected 
to the line shafting, and it is to be noted that the surrounding atmo- 
sphere is continually ladened with dust and grit from the crushers 
and rotary kilns. As a measure of good performance, the outages 
chargeable to the engines are, on an average, less than 1.6 per cent 
of the possible operating time. This is very satisfactory indeed when 
we consider the nature of the service continuing through the 24 hours 
of the day, and further, on account of the practical preclusion of reserve 
units attached to each shaft. As the operating force attends to no 
repairs whatsoever, the maintenance labor is higher than ordinarily 
obtains in the average power plant. On the basis of $44 per b.h.p. 
(natural gas engines), the maintenance material amounted to 3.215 
per cent of the plant evaluation, and the labor 2.245 per cent, or a 
total of 5.46 per cent. This may be considered approximately equiv- 
alent to an ultimate life of about 18.3 years, which is evidently 
very satisfactory under the conditions named. 

These repairs have been compared with some important steam- 
engine stations and found to be 30 to 50 per cent less for equal output. 
[t will be remembered that gas engines are generally built, propor- 
tionally, more substantial and accessible than the reciprocating steam 
engine. 

Mr. Bole has, in my mind, dwelt upon a very important consider- 
ation of gas-engine cylinder structure in emphasizing the desira- 
bility of dividing the outer wall and providing a jacket band. A val- 
uable contribution! on the structural details of gas engines, by 
R. Drawe of Saarbrucken, Germany, appeared in two of the February 
1909 issues of the Stahl and Eisen Journal. The one-piece cylinder 
design was especially criticized, because of the excessive initial casting 
strains due to shrinkage difference between the inner and outer 
walls. Moreover, he expressed the necessity of casting the outer 
wall in compression and the inner wall in tension in the single-piece 
design, to counteract operating stresses, which manifestly introduces 
an extremely uncertain factor owing to the impossibility of properly 
gaging these stresses. It may be interesting to add that careful tests 
made in Germany for the determination of the temperature difference 
of the inner and outer walls, has found this quantity to be in the 
neighborhood of 75 deg. cent. (167 deg. fahr.), producing stresses in 
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the single-piece cylinder many times those due to the explosion pressure 
alone. Four-piece cylinders were likewise looked upon with disfavor 
on account of the difficulty of ensuring tightness of an internal joint 
against the high pressures which occur in the combustion chamber. 

Another feature brought out by Mr. Bole, pertaining to the effi- 
cacy of the present cylinder lubricating system, is well ex- 
emplified in the case of a rather critical test where the 21? in. by 
30 in. experimental engine installed at the Edgar Thomson Steel 
Works in 1905 was operated 94 hours on gas which was passed 
through the baffle and Grill washers only. The gas was not passed 
through the Theisen washer at all, and no injury resulted to the 
cylinder. During this time, 2,386,000 cu. ft. of gas was used. 
All impurities still carried by the gas were collected and amounted > 
to 109.5 cu. in. in volume, or 47.96 0z., or 3.62 lb. for each end of— 
each eylinder. 

A great deal of interest is attached to the possibility of the large 
heavy-duty gas engines as regards long continuous runs. The record | 
of a 38 in. by 54 in. blower at the Bessemer (Pa.) plant of the U.S. 
Steel Corporation, which has come to my attention, covered 45 days 
without a momentary shut-down. 


The economies of gas versus steam equipments has been interest- 
ingly shown by Mr. Morgan. There is one feature I desire to bring — 


out particularly in this connection, namely, that the comparisons 
of the maintenance expenses of gas and steam plants too frequently 
ignore condenser repairs, tube replacements and other auxiliary 
up-keep about the steam plant. In the limited opportunity I have 
had of correlating actual data on gas and steam-power machinery, 
I judge the ratio ordinarily to be only 1} to 1 in favor of steam, and it 
might be as high as 2 to 1. 

Two facts must be carefully considered in weighing any existing 
records; first, the peculiar local conditions, and secondly, the personal 
equation of the operating force. My opinion on the subject of main- 
tenance is based upon the low or moderate-speed engine. If high 
speeds are to be used, I am inclined to believe the repair cost of 
the gas-engine plant will increase, as the wear and tear for a given 
horse-power appears to be some function of the rotative speed. 

While it is true that the gas engine is considerably handicapped on 
low-load factors, it has been established as practical, that the waste 
heat of the gas engine may be stored in an accumulator and then used 
in a low-pressure turbine system to supply the heavy peak loads. 
This may be done at a low investment cost which would, therefore, 
serve to reduce the burden of fixed charges on the gas-engine plant. 
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G. D. Conuex. Beginning in the summer of 1905 I worked for 
two years for the Lackawanna Steel Company under Mr. Coleman. 
I was there at the time the first satisfactory tests were made on the 
gas engines and know from experience how carefully these tests were 
made and what a great amount of work is represented in this paper. 

These tests could not have been made had it not been for the 
theory developed and the experimental work done by Mr. Coleman 
in the use of the Venturi tube for the measurement of the flow of 
gases. The theory and results obtained were embodied in a paper 
read before the Society in 1906 entitled The Flow of Fluids in a Ven- 
turi tube.! 

One question of interest about these engines is the cause for the 
negative loop on the motor cylinder cards. Referring to Fig. 55, 
it will be noticed that the diagram from the motor cylinder repre- 
sented by the dash line has an intersection of the expansion and 
compression lines. 

That is, after the exhaust ports are opened by the motor piston, 
the pressure in the motor cylinder drops very rapidly so that when the 
motor crank is about 18 deg. ahead of the dead center, the pressure 
is about 2.4 lb. below the atmosphere. 

The exhaust ports are opened when the motor piston is 39.5 deg. 
ahead of the dead center, but the scale of the diagrams is so large 
that this point does not show. The pressure drops rapidly until 
the low point at about 2.4 lb. below the atmospheric line is reached. 
The pressure then remains practically constant until the inlet valve 
opens and admits air and gas, when the pressure rises to 3 lb. 
above the atmosphere. As the piston starts back the pressure 
increases to 3.9 lb., then drops back to 2.2 lb., at which point the 
exhaust ports are closed by the piston and the compression of the 
charge begins. 

The card from the exhaust chamber has a queer shape. It is 
noticeable that in the middle of the stroke in both directions the 
pressure changes slightly from above to below the atmospheric 
line. This is probably due to the exhaust of the other cylinder of 
the engine which is set at 90 deg. The pressure runs along for some 
distance slightly below the atmospheric line and then rises almost 
vertically to fall off gradually until the exhaust ports are opened, 
when the pressure in the exhaust chamber follows that in the motor 
cylinder until the piston has begun the return stroke. The pressure 
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in the exhaust chamber is then about 2 lb. above the atmosphere, 
and it drops nearly to 3 lb. below the atmosphere at the point where 
the exhaust ports are closed. 


The fact that on the compression stroke, the pressure in the exhaust | 
chamber drops below the atmospheric line while that in the motor 
cylinder is above, would indicate that the cause of the partial vacuum 
is due in some manner to the layout of the exhaust piping and to 
the introduction of water for cooling the exhaust. 

This sort of pressure diagram was obtained from all of the 2000-h.p,. 
blowing engines, while the 1LOOO-h.p. higher-speed engines did not 
show the negative loop. 

It is probable that the very low pressure in the motor cylinder at 
the time of the opening of the inlet valve has a great deal to do with © 
the loss of gas through the exhaust ports, and it seems that it might | 
be possible to utilize this principle in the design of plants to good | 
advantage. 

Considering the condition of the gas as received by the engines and 
the requirements of the service, it is surprising that these — 
have run so well. There have been times when a blowing engine has 
run as high as 75 days without stop. 


L. K. Doretuine. In many instances the results shown in Mr, 
Coleman’s paper are not entirely favorable to the engines, but since | 
this plant was not only the first of its size and kind ever constructed, 
but was also composed of engines which were themselves the very 
first units to be built from an original and untried design, it is believed | 
that the designer, Dr. Ernst Koerting, as well as the builders, the 
De La Vergne Machine Company, may well be proud of their work. 

The difficulties encountered are partly due to errors in the design 
of the engines, and partly to the fact that the gas itself is not alto- 
gether suitable for gas-engine consumption. Mr. Coleman states 
that, at the present time, the amount of dust in the gas varies between 
50 mg. and 80 mg. per cu. m. Four years ago the conditions were 
very much worse than this, for at that time the dust content often 
rose to more than 200 mg. Fuel of such character cannot fail to be 
most detrimental to any gas engine no matter what may be the char- 
acter of its design. Today the presence of more than 50 mg. of dust 
is considered prohibitive, and a good modern gas-cleaning plant is 
expected to deliver gas containing not over 20 mg. The amount of 
dirt contained in the gas at the Lackawanna plant four years ago is 
best illustrated by the fact that in a four-weeks’ run made at that 
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time, the amount of solid matter which accumulated in the slide- 
valve housings of the gas pumps of one of the engines was over 10 Ib. 

The early history of this plant was also marked by great instabil- 
ity in the chemical composition of the gas itself, and during the first 
few years of operation a sudden rise in the hydrogen content was of 
common occurrence. This was bound to result in frequent  pre- 
ignitions, and a large proportion of the excessive wear and short life 
of the working parts was clearly due to the dirty gas and the frequent 
pre-ignitions. 

When supplied with clean gas, the cylinders of a gas engine should 
be capable of running at least five years without reboring. The De 
La Vergne Machine Company has calibrated cylinders which had 
been in continuous service for over five years, and the wear on the 
same was found to be less than 0.035 in. The eylinder heads will 
usually outlast the rest of the engine if the cast iron, of which they 
are constructed, be free from sulphur and phosphorus and the castings 
are allowed to cool slowly in the molds. 

A number of the difficulties referred to, such as the breaking of 
push rods, faulty ignition and poor regulation, are minor defects due 
to defective construction. They have been overcome as fast as their 
existence has become known, since they were not inherent to the 
system, but were merely questions of design. The most serious defect 
referred to in Mr. Coleman’s paper is the high gas consumption. This 
is due to the excessive load imposed on the engine by the gas and 
air pumps, and further to the fact that a very considerable quantity 
of the gas which sweeps through the cylinder during the latter half 
of the scavenging period finds its way into the exhaust pipe unburned. 
In the later designs, the consumption of power by the gas and air 
pumps has been greatly reduced by fitting them in both cases with 
automatic poppet valves, consequently greatly reducing the high 
pressures which formerly existed in the pump cylinders. The lead 
of the pump crank has also been decreased, reducing the maximum 
cylinder pressure in the pumps from 10 Ib. to 4 Ib. 

In engines of this type, built by the De La Vergne Machine Com- 
pany about two years ago, the load due to the pumps was found to 
be about 12 per cent of the indicated work of the engine cylinders, 
and in Koerting two-cycle gas engines of European design, the power 
consumed by the pumps has been reduced to 6 per cent. The high 
degree of perfection attained in the European models is largely due 
to the very much greater demand existing abroad for engines of 
this type. This has permitted the European builders to redesign 
their product again and again, each time profiting by past experiences. 
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DISCUSSION BY L. K. DOELLING 


The escape of the unburned gases into the exhaust pipe may be 
avoided. Inthe present instance the trouble may be due to piston leak- 
age, to retarded combustion because of insufficient igniter spark, to 
leakage between the gas and air passages permitting the gas to mix 
with the scavenging air, or it may be due to the arrangement of the ex- 
haust piping itself. Assuming that there is no leakage, the arrange- 
ment of the exhaust piping should be most carefully considered. It 
has been found that the unobstructed flow of the exhaust gases into a 
large pipe or pit results in such a momentum, that a vacuum is created 
in the engine cylinder which draws after it not only the scavenging 
air, but also a part of the succeeding charge. The insertion of a 
throttling dise into the exhaust pipe would improve this condition 
considerably. The more recent Koerting engines built by the De 
awa Vergne Machine Company have a heat consumption of between 
11,000 and 12,000 B.t.u. per b.h.p-hr. Some of the foreign makers 
with their improved designs, guarantee a consumption of not over 
10,000 B.t.u. 

By-pass regulation of the fuel charge has been abandoned. Most 
of the builders of today vary the amount of gas and air entering 
the pumps, so that the charges delivered into the engine cylinder 
increase and decrease with the load, and also, in like proportion, the 
energy consumed by the pumps. ‘This is a great improvement over 
the Lackawanna engines, in which the energy consumed by the pumps 
is nearly constant for all loads. In the more recent designs the regu- 
lation is so close that the engines can be used for cotton mills. 

Since engines of the Koerting type have been built for a number of 
years in several of the European countries, there have been developed 
simultaneously a variety of models differing greatly in detail from 
one another. Of these, the engine built by Messrs. Mather and 
Platt of Manchester, England, shows the greatest departure from the 
original design and is remarkable for its simplicity. 

The English makers have, as a rule, abandoned the camshaft, and 
operate the valves and ignition devices by an eccentric on the main 
shaft. The governor also is driven direct from the shaft. The gas 
pumps, two in number, are single-acting with trunk pistons, and 
have a double-acting air pump located between them. The largest 
engine now being built in Europe is of 4000 h.p. with two cylinders, 
or 2000 h.p. with one cylinder. 

In Europe there are in operation over 200,000 h.p. of Koerting 
two-cycle gas engines, as against 48,000 h.p. in the United States, 


and this in spite of the fact that the engine seems to be especially 
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adapted to this country on account of its reliability and simplicity 
of design, which permit the cylinders and cylinder heads to be made 
of cast iron, no matter how large the engine may be. The Koerting 
two-cycle engine has been regarded with some distrust in steel manu- 
facturing circles in this country since its installation in the Lacka- 
wanna works. It should, however, be remembered in this connection 
that the plant referred to was the first large gas-engine plant ever in- 
stalled and that, although the difficulties encountered were laid in a 
large degree to the Koerting engines, they were, in reality, due to 
untoward circumstances, unsuitable gas and other conditions with 
which the engines had nothing to do. It should furthermore bh: 
remembered that while these first engines were faulty in design in 
some respects, such errors and the results arising from them can have 
no real bearing in determining the true value of the Koerting two- 


No closure was prepared owing to the death of the author on November 
27, 1910.—Epiror. 
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STEPHEN WARNER BALDWIN 


In the death of Stephen Warner Baldwin there has passed away 
another of the notable figures in the engineering history of the United 
States. He belonged to the era of practical training which brought 
forward so many gifted men in the nineteenth century to take part 
in the active developments following the Civil War. 

He was born in Baldwinsville, N. Y., February 4, 1833, and received 
his early education in Homer in that state. He entered the Lawrence 
Machine Shops at Lawrence, Mass., as an apprentice under the 
late John C. Hoadley, dividing his three years between the machine 
shop, forge, boiler shop and drawing-room. The admiration he felt 
for Mr. Hoadley lasted all through his life, and on the death of his 
old chief, both out of affection and out of sentiment, Mr. Baldwin 
was active in buying from the Hoadley estate a large amount of expert 
apparatus, which was made a gift to the Society... Mr. Baldwin 
worked with Mr. Hoadley on his single-valve automatic engines and 
on his portable or farm engines. From this experience he always 
had a strong interest in the development of agricultural machinery 
for the West. 

He later became manager of the Clipper Mowing Machine Works 
at Yonkers, N. Y., and was associated with the Johnson Iron Works 
at Spuyten Duyvil, N. Y., improving the machines of both these 
companies with his own inventions. Hesoon became one of the promi- 
nent mechanical engineers in the field of manufacture of steel and was 
president of the Spaulding & Jennings Company. But he will be 
principally remembered as the New York representative and agent for 
so many busy and successful years for the Pennsylvania Steel Com- 
pany of Philadelphia and the Maryland Steel Company of Spar- 
rows Point, Md. He remained with these companies until 1904 
when he was retired, but was an honored adviser until his death. 

' Trans. Am.Soc.M.E., vol. 8, p. 349. Some of this apparatus remains in 


the possession of the Society as museum specimens. Other units have been 
sold and loaned where they could be made useful. 
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Mr. Baldwin was intensely interested in the problems of education 
for the young engineer. When Milton P. Higgins proposed his 
scheme of half-time schools in which lads were to work at books for 
half the day and in the shop atmosphere for the other half, Mr. 
Baldwin’s interest was not alone because the projector had been a 
fellow apprentice at Lawrence, but because he believed the idea to 
be sound. The Artisan School of Syracuse, in which his friend, Prof. 
John E. Sweet, is so important a factor, was also near his heart. 

Mr. Baldwin wasearly brought into active relations with the Society. 
He served on early nominating committees, was made Manager for 
the term 1887-1890 and Vice-President for 1890-1892. But his great- 
est service was as Chairman of the Finance Committee with control 
over the budget of each year. He was successively reappointed four- 
teen times, and his service ceased only with the changes in Constitu- 
tion and By-Laws in 1904. He was a member of the Council’s com- 
mittee which bravely faced the problem of the purchase of No. 12 
West 31st Street, in 1890, when the Society had no capital to invest 
in such a great undertaking, but only the earnest purpose of those 
members whom the Secretary of that date had stimulated to the 
point of venturesomeness. The bonds issued as a part of the 
financial scheme were all redeemed and the second mortgage paid off 
within the period of Mr. Baldwin’s activity. He worked very hard 
for two winters over a plan to develop meetings of the Junior Members 
of the Society for their common advantage. The monthly meetings 
of the Society in different cities are 1 heritage from those efforts. 

Mr. Baldwin was a sound and straight thinker, a man of great 
power of application, an analytical reasoner, a diligent and pains- 
taking worker. Tall 4nd commanding of figure, he had the grace, 
refinement and broad culture of the scholar. His inventive mind was 
always at work, adding labor-saving devices as well as improvements 
to whatever interested him, and his pleasing petsonality intensified 
the impression of good fellowship by which he put every one at ease. 
He inspired such confidence in his integrity that he was constantly 
sought as an adviser. He was at one time a member of the American 
Society of Civil Engineers and of the American Institute of Mining 
Engineers. He was very active also with his friend, J. F. Holloway, in 
the building up of the Engineers Club, and was one of its four honor- 
ary members. 

Mr. Baldwin died at the home of his daughter on January 5, 1910, 
after several years of physical weakness, although of clear mental 
capacity, and a personality active in the days of the upbuilding of the 

Society has gone to his reward. 
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Mark Bary whe died December 27, 1909, was born at Detroit, 
Mich., on June 27, 18738. 

Immediately after his graduation from the ible of Mich- 
igan in the class of 1897, Mr. Bary entered the employ of the Michigan 
Electric Company as assistant and later in the same year was en- 
gaged as instrument man with the Missouri River Company. For 
the next two years Mr. Bary was employed by Bryan and Humphrey 
as assistant in electrical and mechanical work and as superintendent 
in their office. In March 1900, he became engineer-in-charge of the 
Laclede Power Company at St. Louis, Mo., and later in the same 
year, engineer of construction of the city lighting plant of the Imperial 
Electric Light Company, St. Louis. In 1901 Mr. Bary became first 
assistant to H. H. Humphrey, consulting engineer, Detroit, Mich., 
his chief work being the mechanical design and superintendence 
of installation of electrical and mechanical power plants. From 
1904 to 1907 he was engaged in consulting practice under his own 
name in St. Louis. 

Mr. Bary was a member of the St. Louis Society of Civil Engineers 
and the Disracli Society of St. Louis. Ile entered the Society in 
1903. 


CHARLES W. BATCHELOR 

Charles W. Batchelor was born in London, December 21 21, 1845. 
Soon afterwards his parents moved to Manchester, where he received 
a liberal education and where he served his apprenticeship in several! 
of the largest engineering works of that city. At the age of twenty- 
two years he came to this country to install machinery for the Clark 
Thread Company of Newark, N. J., and almost from the first was 
intimately associated with the inventor Thomas A. Edison, assisting 
in the development of the electric pen, the telephone transmitter, 
the phonograph, the electric railroad and the Edison incandescent 
lamp and lighting system. 

In 1881 he went to Europe to represent the Edison interests at the 
Paris electrical exhibition of that year, and remained in Paris for 
three years where he was the first to introduce the system of electric 
lighting. He made the original installation at the Paris pera House, 
and started a number of isolated plants in other parts of Europe; 
at the same time establishing and oe a large factory at Ivry. 
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the Edison Machine Works, an organization which in the course of 
time developed into the Edison General Electric Company, and the 
selection of the site of their large works at Schenectady was made by 
him. Later this company combined with the Thomson-Houston 
Electric Company and became the General Electric Company. . 

Of late years he had practically retired from business and devoted 
much time to travel, though he retained the presidency of the Taylor 
& Company Iron Foundry, a concern in which he had been inter- 
ested since its establishment. 

Mr. Batchelor was a member of the Museum of Natural History 
of New York and the New York Botanical Garden. He was a mem- 
ber for a number of years of the American Geographical Society, the 
American Institute of Electrical Engineers and the American Elec- 
trochemical Society. He entered the Society in 1880. 

He died at his residence in New York City on January 1, = -2 


GEORGE HENRY BAUSH 


George Henry Baush was born in Holyoke, Mass., April 9, 
1870, and was educated in the public schools of that city. His 
technical training was gained from his father, who founded what 
is now known as the Baush Machine Tool Company, of Spring- 
field, Mass. In 1896 he became general foreman and superintend- 
ent of the Baush Company and in 1904 was elected its vice- 
president and general superintendent, all designing of machine 
tools being entirely under his charge. In 1906 Mr. Baush became 
associated with Hill, Clark and Company of Chicago, as manager 
of their Philadelphia office, resigning from this position to accept 
a similar one with the Fay Machine Tool Company of Philadel- 
phia, which he retained until within a few months before his death on 
September 12, 1910. 


Clay Belsley died at his home in Peoria, Lll., September 3, 1910. 
Mr. Belsley was born at Spring Bay, Ill., January 28, 1873, and was 
graduated from Cornell University in 1898 with the degree of M.I. 
Soon afterward he entered the employ of the Link-Belt Company 
of Chicago, where he had charge of the mining machine plants. He 
later entered the service of the McEntee-Peterson Engineering Con- 
pany of Peoria, by whom he was placed in full charge of their work in 
the South, including the building of the electric light plant at Gas- 
tonia, N.C. In1901, Mr. Belsley returned to Peoria and opened a 
private practice as consulting engineer. 
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Among other important work undertakea at this time, he de- 
signed an electric light and power plant for Tom J. Gardner at 
Las Animas, Colo., installed the mechanical and electrical plant of 
the Corning distillery, and had charge of the design and construc- 
tion of all the work of the Woodruff Ice Company of Peoria. He 
was also engaged during this period in expert investigation in con- 
nection with legal work. 

In 1908, Mr. Belsley accepted the appointment of city engineer 
of his native city, resigning his lucrative private practice to per- 
form this public service. While personally superintending the con- 
struction of a masonry culvert for the city, he contracted typhoid 
fever and from the resulting weakened condition never recovered. 


WILLIAM P. BETTENDORF 


William P. Bettendorf was born in Mendota, IIL., 
and died at his home in Bettendorf, Iowa, June 3, 1910. 

His career as a mechanic and inventor began with the termination 
in 1878 of his apprenticeship as machinist in the Peru Plow Com- 
pany, Peru, Ill. The following three or four years were devoted to 
the design and manufacture of farm implements at Moline and Canton, 
lll. In 1882 he returned to Peru, accepting a position as super- 
intendent of the Peru Plow Company, and shortly afterward invented 
the now famous Bettendorf metal wheel, still used in fully ninety 
per cent of the agricultural implements made in the west. He also 
designed the full line of special machinery for the manufacture of 
steel wheels, from a wheelbarrow wheel to a grain harvester. 

The Peru Plow Company being very limited in capital and manu- 
facturing capacity, Mr. Bettendorf organized the Bettendorf Metal 
Wheel Company at Davenport, Iowa. With this company he severed 
his connections in 1891 and turned his attention to designing an all- 
steel running gear for farm wagons. This task, seemingly simple, but 
in reality of prodigious proportions, led him into hydraulics and intri- 
cate die-working before its final accomplishment. The gear was 
made entirely of sheet steel pressed into shape by special hydraulic 
presses and elaborate dies, and was the first with a tapering spindle 
(o accommodate any size of standard wooden wagon wheel. 

While perfecting the steel wagon gear, it occurred to Mr. Bettendorf 
iat the ordinary truck for freight cars could be greatly simplified, 
ne number of parts and weights reduced and the strength increased. 

lis efforts along these lines resulted in the Bettendorf brake beam, 


July 1, 1857, 
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pressed from sheet steel similar to the axles of the steel wagon gear. — 
That which will prove an enduring monument to his memory as a car — 
builder is the design of steel underframing for freight cars and the 
highly advanced methods for its manufacture. 3 7 
Mr. Bettendorf became a member of the Society in 1895. He was 
also a member of the Western Railway Club, the New York Railway 
Club, the Railway Club of Pittsburg, the Eastern Railway Club, the 
New York Mechanical Club, the American Foundrymen’s Associa- — 
tion, the Union Leage+ Club and the Chicago Athletic Association. 


JAMr & “NRY BLESSING 


James Henry Blessing was bo»: ‘n the village of French’s Mills in 
Albany County, N. Y., September 14, 1837. At his father’s death 
in 1849 he left school and in 1853 was apprenticed to the machin- 2 
ist trade for four years, with the firm of F. and T. Townsend, pa 
Albany, N. Y. He remained with this firm until 1861, when he en- 
tered the United States Navy as acting assistant engineer. After “il 
war he became engineer in charge of steam machinery of the Brook- 
lyn Horse Railroad Company, returning to Albany in 1868 to act 
as superintendent of the foundry and machine works of Townsend 
and Jackson, successors to F. and T. Townsend. 

In 1870 Mr. Blessing invented the return steam trap, the best known 
of his one hundred and twenty inventions. In July 1872 he left the em- 
ploy of Townsend and Jackson to engage with Genl. Frederick Town- 
send in the manufacture and sale of these and othersteam specialties, 
under the firm name of Townsend and Blessing. In June 1873, this 
firm sold their interest to the Albany Steam Trap Company and Mr. 
Blessing became secretary and treasurer and general superintendent 
of the company, and afterwards president. 

Mr. Blessing was elected mayor of Albany in 1899. He was a mem- 
ber of the Society of Engineers of Eastern New York and of the Albany 
Historical and Art Society, and entered this Society in 1891. He died 
in Albany, February 21, 1910. 


JONAS HENRY BLOOMBERG 


Jonas Henry Bloomberg was born in New York City, February 2, 
1870, and was educated in the public schools and later at the College 
of the City of New York. In 1900 he removed to Mexico where 
he devoted himself with great success to sugar house machinery. He 
built and designed most of the modern sugar houses and distilleries 
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there, the more important ones being at the Rio Vista Plantation, 
the Almonte Plantation and the La Crosse Plantation. At the time 
of his death, April 27, 1910, he was consulting engineer of the Rio 
Tamasopo Sugar Company of Tamasopo, 8. L. P. 

Mr. Bloomberg was a member of the National Geographical Society 
of Washington, D. C. 


JAMES WELDON BRIDGE 2 


| 
James Weldon Bridge was born at Atlanta, Ga., March 24, 1873, 
and educated in the public schools of Atlanta, receiving in 1892 
the degree of B.S. in M.E. at the Georgia School of Technology. 
His early shop experience was with the Atlanta Consolidated Street 
Railway Company from 1894 to 1898, at which time he entered the 
drawing-room of the Atlanta Railway and Power Company, vecoming 
general foreman of shops in 1900. In 1902 he became superintendent of 
the manganese mines, Georgia Iron and Coal Company, and afterwards 
held various positions of importance with city and interurban rail- 
way companies. At the time of his death, December 20, 1909, he 
had just taken up the work of general manager of the Pittsburg, 
Monongahela and Washington Street Railway Company, stationed 


Mr. Bridge entered the Society in 1905. — aft os 


4 WILLIAM HENRY BRYAN 


William Henry Bryan died December 5, 1910, at Chicago, Ill. He 
was born August 14, 1859, at Washington, Mo., and received his early 
education at the country schools. In 1881 he was graduated from 
Washington University with the degree of M.E., having spent his 
vacation in the shops of the Missouri Pacific Railroad where he 
learned telegraphy and other railroad practices. Since that time he 
had been employed as a general assistant erecting engineer and sales- 
man with Frank H. Pond; as local manager of the George F. Blake 
Manufacturing Company, New York; as secretary of the Pond Engi- 
neering Company; and, in 1889, as secretary and local manager of the 
Heisler Electric Light Company of St. Louis, Mo., then developing a 
long-distance series of incandescent lighting. In 1891 he went to 
Chicago as manager of the Western branch of the Yale and Towne 
Company, New York. Since 1892 he had been a consulting mechan- 
ical and electrical engineer in St. Louis. During this period he con- 
structed the water works at Washington, Mo., the power plants of 
the Imperial Light, Heat and Power Company, of the Coliseum, of 
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the Grand Leader, of the Eli Walker Building, and of Ferguson and 
McKinney, all of St. Louis. He also rendered exceilent service in 
practical smoke abatement for the Citizens’ Association of St. Louis 
in 1892 and 1893. 

Mr. Bryan was a member of the Engineers Club of St. Louis, 
having served as secretary, vice-president and president; of the 
present Smoke Abatement Committee of the Civic League of St. Louis, 
of the American Society of Heating and Ventilating Engineers, of the 
St. Louis Railroad Club, the Mercantile Club, the American Water 
Works Association, serving on its Committee of Depreciation, and pres- 
ident of the Washington University Association. He became a 
member of the Society in 1891, and since 1906 had been an active and 
influential member of the Committee on Meetings, and as such was 
mainly instrumental in inaugurating and conducting a system of local 
meetings in St. Louis. 

‘fre. 
WILLIAM WILBERFORCE CHURCHILL | 


‘Willen Wilberforce Churchill died at Oshkosh, Wis., March 24, 
1910. He was born at Monroe, Wis., January 6, 1867, the son 
of Norman and Dr. Ann Sherman Churchill. After graduation 
from the Monroe High School in 1883, he spent one year at Rose Poly- 
technic Institute, and in 1886 entered Cornell University, from which 
he was graduated in 1889 with the degree of M.E. He was made a 
Fellow of Sibley College for 1889-1890, and received the degree of 
M.M.E. in 1890. 

After graduation Mr. Churchill spent a few months with E. P. 
Allis & Company, Milwaukee, Wis., and then entered the employ of 
Westinghouse, Church, Kerr & Company, New York, where he re- 
mained until his retirement because of ill health, in 1906. He rose 
through various intermediate positions in Chicago, Pittsburg and 
Boston to be chief mechanical engineer of the company’s head- 
quarters in New York, and at the time of his retirement was vice- 
president and director. During his sixteen years of service hi 
superintended the construction of the Boston terminal; the Kings 
bridge power house, New York City; the Atlanta water-power 
plant, Georgia; the Lackawanna & Wyoming Valley Railroad, Penn 
sylvania; the Grand Rapids, Grand Haven & Muskegon Railroad: 
Hotel Pontchartrain, Detroit, Mich.; the Northern Colorado Powe 
Company, Denver, Colo.; the electrification of the Long Islan! 
Railroad, New York, and many others. In 1902 he spent some tin: 
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in Europe in connection with the electrification of the London 
Underground Railway. 

Mr. Churchill was a member of the New York Railroad Club, 
the Cornell University Club, the American Association for the 
Advancement of Science, and several Masonic orders. 


CHARLES B. CLARK 


Charles B. Clark was born at Bangor, Me., June 20, 1858, and 
died March 24, 1910. He was educated in the public schools of 
Bangor and in 1876 began an apprenticeship of five years with 
the Hardy Machine Company, Biddeford, Me., during which time 
he studied mechanical engineering under a private tutor. In 1881 
he was employed as an engineer on a steamboat and in 1882 worked 
as journeyman in the shops of the Lawrence Machine Company, 
Lawrence, Mass., where he also attended the evening technical 
schools. He was subsequently employed as superintendent of con- 
struction of machinery for the Detroit Dry Dock, Detroit, Mich., 
the Dunford and Alverson Dry Dock, Port Huron, Mich., and the 
tire Dry Dock, East Boston, Mass. In 1889 he returned to the 
_ Lawrence Machine Company as superintendent and general manager, 
— jeaving this concern three years later to become manager of the 
Orono Pulp Company, Orono, Me. Four years later he went to 
_ New York where from 1896 to 1898 he acted as manager of the 
Merrimac Paper Company of Lawrence, Mass. Since February 
1898 he had been general superintendent of the Eastern Manu- 
facturing Company’s mills, South Brewer, Me. 


EDGAR PARK COLEMAN 


Edgar Park Coleman was born July 12, 1867, at Decatur, Il., 
and died November 27, 1910, at Buffalo, N. Y. His early education 
was obtained in the country schools and in the Rose Polytechnic 
Institute, Terre Haute, Ind. In 1893 he was graduated from Leland 
Stanford Junior University and two years later from Cornell Univer- 
sity with the degree of M.M.E. After leaving Cornell he spent one 
year in the employ of the Metropolitan West Side Elevated Railroad, 
Chicago, Ill., and the seven years following at the South Chicago 
Works of the Illinois Steel Company, making quantitative measure- 
ments of steam, water, air and gas; efficiency tests of engines, pumps, 
gas producers, blowers, ete.; and firing boiler trials of hand, stoker, 
coal dust and gas. He also originated the design now in use of the 
Porter-Allen 7500-i.h.p. exhaust valve gear; the 8500-i.h.p. exten- 
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sion release gear for Corliss engines and a steam regulating systen. 
for five pairs of independent and two cross-compound engines on a 
common receiver. In 1905 Mr. Coleman took up his work of steam 
engineering with the Lackawanna Stee! Company, Buffalo, N. Y., 
in which he was engaged at the time of his death. 

He was a member of the American Chemical Society and the Park 
Club of Buffalo. 


WILLIAM E. 


William E. Crane died on May 22, at Duluth, Minn., after a 
short illness. He was born in Burlington, Conn., and received his 
early education at the local schools. At fourteen years of age he 
began to apply himself to engineering and two years later took charge 
of asmallengine at Bristol,Conn. He later went to Waterbury where 
for twenty-five years he was connected with the Benedict and Burn- 
ham Company as chief engineer. After severing his connection with 
this firm he became consulting engineer for the New England Engi- 
neering Company of New York, and designed several power plants 
of considerable importance, notably, that of the Kings County Electric 
Light and Power Company, the Passaic Electric Light and Power Com- 
pany and the Albany and Hudson River Railway Company. Later 
he was chief engineer at the Hotel Astor in New York City, but 
failing health forced him to resign and seek the climate of Minnesota. 

Mr. Crane was a member of the National Association of Steam 
Engineers and joined this Society in 1887. He was the author of a 
treatise on American Stationary Engineering and had the distinction 
of being the first man to use the double eccentric on a Corliss 
engine. In addition to his engineering activities he took a keen 
interest in public affairs and contributed much to the press on social 
conditions, 


CRANE 


BARTON CRUIKSHANK 


~ Dr. Barton Cruikshank was drowned in the St. Lawrence River 
on June 27, 1910, where he was conducting a boys’ summer school 
and camp at Cedar Cliff, N. Y. 

Dr. Cruikshank, who was born in Albany, N. Y., February 5, 1866, 
was educated in the public schools and Adelphi Academy of Brooklyn 
and in the Brooklyn Polytechnic Institute, where he received the 
degree of B. 8. 

After graduation he entered the shops of the Brady Manufacturing 
c ompany, in which he soon rose to be superintendent and assistant 
posit finally becoming president. From there he went to Boston 
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in the employ of the Boston Heating Company, and later to Princeton, 
N. J., as instructor in graphics and mathematics in the university. In 
1891-1892 he acted as consulting engineer for the Indurated Fibre 
Pipe Company in New York, and in 1893 became superintendent of 
the Hammond Typewriter Company, Brooklyn. During his residence 
there, Dr. Cruikshank assisted Dr. Larkins in starting and organiz- 
ing the first manual training high school in Brooklyn. 

In 1899 he accepted the presidency of the Clarkson School of Tech- 
nology at Potsdam, N. Y., from which he resigned in 1902 to become 
president of the Cogswell Polytechnic College in San Francisco. 
Two years later he returned to the East, entering the employ of the 
Solvay Process Company in Syracuse, N. Y., as designing engineer, 
remaining until a year prior to his death when he took up the 
organization of the boys’ camp which was so unfortunately the scene 
of his sudden death. ; 

CHARLES B. DUDLEY 


Dr, Charles B. Dudley died at his home in Altoona, Pa., on Decem- 
ber 21,1909. He was born July 14, 1842, at Oxford, Chenango Co., 
N. Y., where he received his early education. In 1862 he enlisted asa 
private soldier in the 114th New York Volunteers and fought in 
seven battles, receiving a severe wound at the battle of Opequan 
Creek in 1864. Returning from the war in 1865, he prepared at the 
Oxford Academy and Collegiate Institute to enter Yale, from which 
he received in 1871 the degree of A.B., and of Ph.D. in 1874. His 
graduation thesis, On Lithium and a Glass made with Lithium was 
published in full abstract in the Proceedings of the American Asso- 
ciation for the Advancement of Science. 

The following year he became assistant to Dr. George F. Barker, 
Professor of Physics at the University of Pennsylvania, and during 
this time published in the Franklin Institute Journal some transla- 
tions of German technical papers. After a month spent as teacher 
of sciences at Riverview Military Academy, Poughkeepsie, N. Y. 
he went in November 1875 to Altoona to take up what proved to be 
his life work as chemist of the Pennsylvania Railroad. 

When Dr. Dudley entered upon his new task, no railroad had a 
chemist as aregular employee, although many hadhad occasional chem- 
ical work done, and the whole subject of the relation between scientific 
knowledge and its practical use by railroads was in a very chaotic 
state. It would not be possible to enumerate the special investiga- 
tions and studies leading to modifications of practices in daily use on 
railroads which have been considered since that time by the experi- 
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mental department at Altoona, for the chemical part of which Dr. 
Dudley was responsible. That which attracted the most wide- 
spread attention, perhaps, was the study of steel rails, made in the 
early eighties, which gave the steel-maker as never before a view of _ 
his product from the standpoint of the consumer and forced upon him 

a study of it not only for immediate output but also with a view to — 
the demands which service would make upon it. 

Another very important line of work, perhaps the most exacting 
and time-consuming undertaken, was the making of specifications. 
Investigations were made, furthermore, into the questions of ven-. 
tilation, car lighting, steam heating of cars, disinfectants, cast 
iron for car wheels and other important uses, paints, long-continued 
tests on bearing metals, analyses of coals, water supplied both fo 
boiler use and drinking, and explosives. 

Dr. Dudley had been abroad on three important commissions: in 
1886 to study oil burning on locomotives in Russia, in 1900 as a> 
delegate to the International Railway Congress in France, and in 1909 
as a delegate to the Convention of the International Society for Test- 
ing Materials in Denmark. He had been vice-president of the Ameri- — 
can Institute of Mining Engineers, and twice president of the Ameri- 
can Chemical Society. At the time of his death he was president of 
the International Society for Testing Materials, as well as of the 
Bureau of Explosives of the American Railway Association. He was 
a member of the English, French and German Chemicai Societies; 
of the Iron and Steel Institute of Great Britain; of the Verein deut- 
scher Eisenhiittenleute; the American Society of Civil Engineers; the 
American Institute of Electrical Engineers; and social clubs in Phila- 
delphia, Washington and New York. He was also much interested 
in the Altoona Meéhanists’ Library. 

Dr. Dudley was a member of the Research Committee of the Society 
at the time of his death. 


JOHN DENISON EVARTS DUNCAN . 


John Denison Evarts Duncan was born at Union Falls, N. Y.. 
July 26, 1871. His preparation for his university course was in the 
high school of Ann Arbor, Mich., and in 1893 he was graduated from 
the University of Michigan with the degree of B.S. in electrical en- 
gineering and in 1894 from Cornell University with the degree of 
M.E. From 1894 to 1896 Mr. Duncan was employed by the Terre 
Haute Street Railway Company, Terre Haute, Ind., and the Stanley 
Electric Manufacturing Company, Pittsfield, Mass. With the latter 


company he was associated with Mr. Stanley and Mr. Chesney in 
their extensive experimental work connected with the solving of the 
early high tension problems which were first studied and worked out 
at their factory. On leaving the Stanley Electric Manufacturing 
Company, Mr. Duncan successively held positions in New York with 
the Metropolitan Street Railway Company; the Western Electric 
Company; the New York Telephone Company; Westinghouse, 
Church, Kerr and Company; and the Consolidated Railway Electric 
Lighting and Equipment Company. In 1901 Mr. Duncan entered 
the employ of Sanderson and Porter, New York, and in 1903 was sent © 
to Portsmouth, N. H., by his firm to construct a 1000-kw. power sta- 
tion for the Rockingham County Light and Power Company. At the 
time of his death, July 13, 1910, he held the position of managing engi- 
neer with the same firm. While directing the engineering work of 
this firm Mr. Dunean was in responsible charge of the design and 
execution of many large and diversified projects and well earned the 
high esteem and confidence of his employers, associates and friends 
in engineering and business circles. All who knew him and his work 
recognized his versatility, sound judgment and exceptional ability. 

Mr. Duncan was a member of the American Institute of Electrical 
Engineers, the Brooklyn Engineers Club, the Engineers Club of New 
York, the Machinery Club of the City of New York, the Michigan 
Club of New York, the University of Michigan Club, and the Cor- 
nell University Club of New York. 


RALPH WALDO EMERSON 


a Ralph Waldo Emerson was born at Orland, Me., March 18, 1872, 
and received his early education at the country schools and the 
Phillips Andover Academy. In 1890 he entered the Worcester Poly- 
technic Institute where he received his technical training, leaving 
there in 1893 before graduation, to serve an apprenticeship with 
Brown and Sharpe Manufacturing Company, of Providence, R. I. 
He remained here for two years and was subsequently connected with 
the Wheelock Engine Company and the Norton Emery Wheel Com- 
pany, Worcester, Mass. In 1898 Mr. Emerson accepted a position 
as draftsman with the Cereal Machine Company of Worcester, Mass., 
known later as the Shredded Wheat Company and was responsible 
for much of the special machinery. When the company moved to 
Niagara Falls, he took charge of the layout and equipment of the 
plant, and from the position of draftsman rose to that of mechan- 
ical engineer. In 1904 he became master mechanic of the Case 


months before his death when, as mechanical engineer and factory — | 
economist, he opened an office of his own. 


In coéperation with Frank Bishop, Mr. Emerson invented and < 
patented a refrigerating machine for domestic use. | 


Mr. Emerson was a member of the Commercial-Athletie Club of | 
South Bend. 


JAMES B. FAULKS, JR. 


James B. Faulks, Jr., was born December 13, 1873, at East Orange, | | 
N.J. After his early education in the public schools, he attended the 
Bordentown Military Institute and later entered Stevens Institute | 
of Technology from which he was graduated in 1896 with the degree 
of M.E. He held during his lifetime mary positions of prominence 
in engineering work, among which may be mentioned that of drafts- | 
man with the Standard Air Brake Company of New York, of engineer 
of tests with the Edison Electric Illuminating Company, New York, "a 
designer with the Harrisburg Foundry and Machine Works, Harris- | 
Lurg, Pa., and also with the Crocker-Wheeler Company, Ampere, 

N. J., and of mechanical engineer with the New York Safety Steam f 
Power Company, New York. He was also prominent in connection 

with experimental work on the Roumaine cultivator, and was identi- 
fied with research work in gas engines. In 1904 Mr. Faulks accepted 

a position at Syracuse University as an instructor in the L. C. Smith " 
College of Applied Science, and at the time of his death, July 14, 1910, 
occupied the chair of experimental engineering. 

Professor Faulks was a member of the Technology Club of Syra-_ 


cuse. h 
CHARLES A. FERRY 

Charles A. Ferry died at Phoenix, Arizona, May 2, 1910. He was 
born at Utica, N. Y., September 1, 1851 and prepared for college at | 


the Montreal High School. After a year at McGill College he ot 
tered Yale from which he was graduated in 1872 with the degree of 
A.B. He remained in New Haven for three years doing graduate 
work and in 1875 went to Chicago where he studied law in in 


office of Judge Upton. Shortly afterwards he became interested i 

manufacturing and was engaged in the manufacture of steel rail- 
way couplers, in 1891 becoming president of the Chicago Tire and 
Spring Company. For several years before his death Mr. Ferry 
was not engaged in active business, but was always interested in the 


: 7 _ Factory of the Singer Manufacturing Company, South Bend, Ind., 
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development of the science of modern times as applied ir 


| tions. 


CHARLES FREDERICK FOSTER 


all direc- 


Char les F rederick Foster was born in Boston, Mass., oe 28, 

1852. He was educated in the public schools of Boston and the Pun- 
| chard Free School of Andover, Mass., 
in 1869. 


from which he was graduated 
At the age of seventeen he he ‘gan his engineering career as 
| rodman, later becoming leveler and transitman, in the office of the City 
Engineer of Boston, where he remained until 1872. The next three 
years were spent with the Lowell and Andover Railroad and in the 
| Water Works of Lawrence, Mass. Subsequent to this he became 
an assistant to Walter McConnell in general engineering in and 
around Boston; and from 1876 to 1880 occupied the position of 
mechanical engineer and superintendent of the St. Louis Cotton 
| Factory, St. Louis, Mo. In 1873 he became assistant engineer of 
: the Heine Safety Boiler Company, St. Louis, Mo. In 1893 Mr. 
z) ‘Foster was identified with the World’s Columbian Exposition at 
Ls ( ‘hicago, and it was due to his excellent work and energy that the 
f task of construction was completed in time and the fair opened on 
= date set. He was also connected with the International Expo- 
sition, Atlanta, Ga., as mechanical and electrical engineer and 
with the Universal Exposition at St. Louis, Mo., held in 1904, as 
chief operating engineer. 


al In 1905, he returned to Chicago and resumed his private prac- 
tice, devoting his spare time to the compilation of engincering data 
which unfortunately his sudden death on May 8 left unfinished. 

h Mr. Foster was a member of the Western Society of Engineers and 


the Engineers Club of St. Louis. He became a member of this 
Society in 1890. 

The Western Society of Engineers records in its minutes: “ Mr. 
Foster will be best remembered for his wonderful power of thought 
concentration; his indomitable energy; his deductive mind; his mas- 

tery of detail; his executive ability; his skill in handling large bodies 

of men and molding them into a concrete, forceful 
working unit; his connection with various universal expositions; and 

_by his intimates for his lovable character and amiable Giaposition." 


eer Garbett, we was for many years prominently identified 
with the mechanical indust ry of acnaninanti died at his home ‘IB 
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that city, August 22, 1910. He was born in Shropshire, England, 
January 7, 1852, in which county he received his early education, 
and where he spent the first years of his commercial life in the 
Horsehay Iron Works, and later was associated with the Coalbrook- 
dale Iron Works, becoming superintendent of the latter at the age 
of twenty-three. In 1879 he left England and entered the employ 
of O. A. Pray and Company, Minneapolis, manufacturers of flour 
and saw-mill machinery, as foreman and pattern-maker. He steadily 
developed into a thorough and able mechanic and when the Twin 
City Iron Works was established he, with O. P. Briggs, constituted 
the firm, Mr. Garbett serving as chief engineer. It was here that 
he designed the Twin City Corliss engine which is so favorably 
known throughout the country today. When the Twin City Iron 
Works was absorbed by the Minneapolis Steel Machinery Company 
in 1902, Mr. Garbett was prominent in its affairs, becoming mechan- 
ical engineer of that company as well as a director. 

In steam engineering Mr. Garbett was an accepted authority. 
For the past five years he had devoted much time to gas engines and 
gas producers. He spent several years abroad studying the various 
types of foreign power plants of this type, and finally adopted the 
Muenzel, a German engine, as the foundation of a gas engine for 
American manufacture. To this he applied his skill and engineering 
ability and developed one of the most successful gas engines and 
suction producers in use in this country today. 


ALFRED MONTGOMERY GOODALE 


Alfred Montgomery Goodale died in Waltham, Mass., December 
17, 1909. 

He was born in Saco, Me., December 20, 1855, and educated in the 
public schools of that State, receiving from the Maine State College 
the degree of B.S., in 1875. He served for five years in the works of the 
Saco Water Power Machine Shop, Biddeford, Me., and the Bates 
Mills, Lewiston, Me., building, setting up and running cotton machin- 
ery; and in 1880 became superintendent of the Newton Mills, at New- 
ton Upper Falls, Mass., afterwards acting as agent, from 1881 to 1883, 
and from 1884 to 1894, for the Hamilton Woolen Company of Ames- 
bury, Mass., and the Boston Manufacturing Company, of Waltham, 
Mass. Since 1894 he had been treasurer and a director of the Boston 
Manufacturing Company. With each of these companies, Mr. 
Goodale had charge of the erection of new machinery, engines and 
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boilers, and of the reorganization and improvements of the existing 
plants. In 1901 he started the firm of A. M. Goodale and Company, 
in Boston, brokers in cloths and yarns. 

Mr. Goodale served on various city commissions and was a trustee 
of the Waltham hospital. He was a director of the New England and 
Northwestern Investment Company and of the Westfield Creel Com- 
pany. Besides his club and Masonic connections he was president of 
the New England Cotton Manufacturers’ Association. In 1898-1901 
he served the Society, which he joined in 1886, as one of its Managers. 


wt 


Frederick Bellows Hall was born October 18, 1868, at Boston, 
Mass. He received his technical education at the Massachusetts 
Institute of Technology and after graduation in 1890, was employed 
by the West End, now known as the Boston Elevated Street Rail- 
way Company, as draftsman on the design of their Central Power 
Station. The following year, as chief draftsman with F. 8. Pearson, 
consulting engineer, Boston, he designed various power stations, 
among them the Brooklyn City Railroad Company, Brooklyn, N. Y., 
Montreal Street Railway Company, Montreal and Quebec, St. Johns 
Street Railway Company, St. Johns, N. B., Halifax Street Railway 
and Lighting Company, Halifax, N. 8., Chelsea Gas Lighting Com- 
pany, Chelsea, Mass., Charlestown Gas Company, Boston, Mass., 
Lawrence Gas Lighting Company, Brighton, Mass. During this 
time he also acted as superintendent of construction of power 
stations for the Baltimore Electric Refining Company, Baltimore, 
Md., Dover Lighting and Power Company, Dover, N. H., and the 
Portland Street Railway Company, Portland, Me. He was sub- 
sequently employed as assistant chief engineer of the Brooklyn City 
Railroad (Brooklyn Rapid Transit) Company in charge of the design 
and construction of their Kent Avenue, Southern and Ridgewood 
Power Stations; and in 1894 had charge of the design and construction 
of the main power station of the Consolidated Traction Company (now 
the Public Service Corporation of New Jersey), Newark, N. J. In 
1895 he engaged in the design of apparatus for the manufacture of 
sulphuric acid, and in the following year was employed by J. H. 
Bickford as consulting engineer in charge of the design of a power 
station for the Steinway Railway Company at Astoria, New York. 
In the same year he became treasurer and general manager of the 
North Sydney Mining and Transportation Company, Sydney, Cape 
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Breton, N. S., leaving there to become chief draftsman for the 
Riter-Conley Manufacturing Company of Pittsburg in charge of 
the design of blast furnace and steel works for the Dominion Iron and 
Steel Company of Cape Breton. From 1899 to 1901 he was engaged 
on the design and construction of the main power station of the 
Manhattan Elevated Railway Company, New York City, and at } 
the time of his death, October 27, 1910, was in the employ of W. PE. | 
Baker and Company of New York. ee 

1-1 


HARRY 8. HASKINS 


Harry S. Haskins died at his home in Philadelphia on March 13, 
1910. Mr. Haskins was born in Moretown, Vt., March 5, 1834, and 
at the age of twelve entered the machinists’ trade, first with Edwin 
Harrington and later with the Junction Shop, both in Worcester, 
Mass., where his family had moved. When Mr. Harrington went to 
Philadelphia, to engage in the building of machine tools, Mr. Haskins 
accompanied him, and soon afterwards the partnership of Harrington 
and Haskins was formed, which later became the firm of Edwin 
Harrington, Sons and Company. Onthe death of Mr. Harrington, the 
business became incorporated, with Mr. Haskins as president, an office 
which he retained until the time of his retirement, in 1900. Through 
his mechanical ability and inventive faculty he added many im- 
provements to the gear-cutting machines, hoists and overhanging 


railways manufactured by the firm. 7 


Gustavus Charles Henning, one of the foremost experts in the test- 
ing of steel and an inventor of testing apparatus, died at his home 
in New York City on December 30, 1910. 

Mr. Henning was born in Brooklyn in 1855, and educated at the 
Polytechnic Institute of Brooklyn and at Stevens Institute of Tech- 
nology from which he was graduated in 1876 and where during his 
college course he was fortunate enough to come under the influence 
of Prof. Robert H. Thurston. 

Immediately after graduation he entered upon the work of inspec- 
tion of steel for engineering structures. This work brought him in 
touch with the late George §. Morison and made him familiar with 
the problems of structural material. 

His inventive genius and the opportunities for its exercise resulted 
in the design of a form of extensometer which he described in two 
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papers before the Society, A Mirror Extensometer! and A Roller 
Extensometer.’ His study of the defects and limitations of the high- 
powered testing machines operated on the usual hydraulic principle 
resulted in his design of a testing machine for full size specimens in 
which the stretch of the adjusting screws is the measure of the stresses 
upon the test specimen. The two screws, or more, should be fitted 
with micrometer extensometers and their uniform stretch within the 
elastic limit of the material would be a constant measure of the effort 
without the interference from friction inertia and other causes. 

Mr. Henning was a great admirer of the Emery design of testing 
machines and was sent abroad as a representative of the manufac- 
turers for the installation of certain important British and German 
orders. Acquaintances which he made during this sojourn resulted 
in his selection as the official delegate and representative of the 
Society at certain conferences of the International Society for Testing 
Materials. It was during this time that Mr. Henning made very 
important contributions to professional literature in the form of 
partial reports upon Standardization of Methods of Testing, which 
will be found in Transactions, Vols. 6, 11, 12, 14, 17, 18 and 20. 
The severity of Mr. Henning’s labors at this period caused a break- 
down of health from which it is fair to say that he never fully re- 
covered. 

On the formation of the American Society for Testing Materials, 
Mr. Henning found himself rather in the insurgent class as the 
result of his experiences and opinions formed during his professional 
work. For this reason he took no part in the formation of the stand- 
ard specifications and attacked them vigorously when presented 
before the Society. Business changes and the development of special 
firms with large capacity for the conduct of the work of inspection 
of structural material resulted in Mr. Henning’s abandonment of 
professional work in that particular field. 

The last years of his life during the continuance of a state of health 
which warranted his attention to business, were devoted to develop- 
ing the use of the diamond as a cutting face for tools. He found con- 
siderable development for this special work in the manufacture of 
electrical details in hard rubber. He presented a paper before the 
Society at a monthly meeting in December 1904, cleheratong in some 
detail his special achievements in this field. * 


‘Trans. Am.Soc.M.E., vol. 18, p. 849. 
* Trans. Am.Soec.M.E., vol. 23, p. 594. 
*Trans. Am.Soc.M.E., vol. 26, p. 409. my tye 
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Mr. Henning became a member of this Society in 1880. He was 
also a member of the International Association for Testing Materials, 
the Iron and Steel Institute of Great Britain, the Iron and Steel 
Institute of America, the American Society for the Advancement of 
Science, the American Geographical Society, and the American In- 
stitute of Mining Engineers. His other contributions to the Society 
were Notes on Steel,! On the Elastic Curve and Treatment of Struc- 
tural Steel,? and Investigations of Boiler Explosions.® 


. 7. LEWIS JOHNSON 


Lewis Johnson, one of the oldest members of the Society, was born 
in New Orleans, La., June 8, 1836, and was educated in private schools. 
Following a natural tendency for mechanics he entered the mechanical 
profession while very young and served both at shop practice and 
marine engineering. His education was gained by close and earnest 
study and by a wide experience which included, among other things, 
the designing and constructing of new machinery for the baling of 
cotton, ginning of moss, manufacture of ice, and propulsion of 
steamers. During the last few years of his useful life, Mr. Johnson 
was president and chairman of the Executive Committee of the 
Sewerage and Water Board of New Orleans, and of the Audubon 
Park Association, both directed toward civic improvement. At the 
time of his death, May 26, 1910, he was president of the Johnson 
Iron Works of New Orleans. 


WASHINGTON JONES 


| Washington Jones, who died on July 30, 1910, was born in Phila- 
delphia, February 22, 1822, and became an apprentice at the works 
of Merrick and Agnew at fifteen years of age—the first apprentice- 
ship taken in that establishment, it is said. His industry and capacity 
were attested by his advancement to positions of responsibility there 
and in several other engineering works of Philadelphia, such as the 
Southwark Foundry, Merrick and Towne, and the Penn Treaty Works 
of the Neafie and Levy Ship and Engine Building Company. He 
was associated with the Port Richmond Iron Works of the I. P. Morris 
Company as constructing engineer from 1856 to 1891, with a brief 


interruption of a few years at the Southwark Foundry, when he bore 


1Trans. Am.Soc.M.E., vol. 4, p. 410. 
?Trans. Am.Soc.M.E., vol. 13, p. 572. 
*Trans. Am.Soc.M.E., vol. 20, p. 649. 
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an important part in the productions of that establishment during 
the Civil War. 
Mr. Jones had been a member of the Society since 1880. He was 
also an honorary member and past-president of the Engineers Club 
_of Philadelphia, a member of the American Society of Civil Engineers, 
and the oldest surviving member of the Franklin Institute, of which 
| he was vice-president at the time of his death. 
| | WALTER CRAIG KERR 


Walter Craig Kerr was a notable example of a type of engineering 
practitioner peculiar to the United States, the producer of great engi- 
neering achievements, who is a constructor as well as a consulting 7 
engineer. Such an engineer draws up and submits to his clients his 
own specifications for the work to be done for the latter; and then as — 
supervisor or general contractor undertakes to carry these out under — 
his own direction, his compensation coming to him not in the form © 
of a consultant’s fee, but of the profits from the financial under- 
taking. This system has been called the American system as dis- _ 
tinguished from the British or European. 

Mr. Kerr was born at St. Peter, Minn., on November 6, 1856. He 
was graduated from Cornell University in 1879 with the degree of 
B. M. E., and remained at Cornell for an interval of three years, as 
instructor and later assistant professor in mathematics. In 1882 
he became a salesman and installing engineer for the Westinghouse 
Machine Company, East Pittsburg, Pa., designing the general instal- 
lations for his company. In the following year he was made manager 

of their Eastern office. Through his realization of the common advan- 
a. tage to producer and consumer if the former can both supply the 
material and properly erect it, a company was formed in 1884 of 
which Herman Westinghouse, William L. Church and W. C. Kerr 
were the nucleus. In this company and with the work it soon _ 
found for itself to do, Mr. Kerr was a forceful personality; and | 
his faculty for organization and his energy as an officer have been 
large factors in the increase of its scope and the magnitude of its under- 
takings. He was vice-president at the start and, as the result of 
later changes in the personnel, he was president of the company at the © 
time of his death. He was at one time vice-president of the Westing- 
house Machine Company, was also a director of the Electric Properties 


Je 


Company at his death and had recently been elected a vice-president 
of the Merchants’ Association by New York City merchants. He be-— 
came a member of the Society in 1886 and was active on its commit-— 
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- gineers, and other business and social organizations. He was an en- 
- thusiastic yachtsman at his home on Staten Island and governor of 
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tees whenever asked to serve and full of helpful suggestions at many 
times. He was a member also of the Engineers Club, the American 
Institute of Electrical Engineers, the Canadian Society of Civil En- 


the local club. He died at Rochester, Minn., May 8, 1910. 

It results of course from Mr. Kerr’s advocacy of the constructive 
principle above referred to, that codperation of engineer and contrac- 
tor is to be preferred to an antagonism between them, that his monu- 
ments of achievement are those of his company rather than of any 
individual. This is both a loss and a gain, or perhaps is the alge- 


braic sum of the two. By embodying their own designs in a mater- 

ially existing structure, the name of the designs is not lost, as is so 

sure to be the case when they do not also construct. The grandeur 

of the structure as a material fact overshadows the mental achieve- 

ment of the great concept, and the fact that it was the work of many 
obliterates the significance of the work of the organizing mind. But 

the work of the company has covered the construction of interurban 
electric lines in Michigan, Ohio, Missouri and New York states; 
power plant design and installation using both steam and water | 
power for railways, lighting plants and producing factories. This 
firm electrified the Long Island Railway among others. Much of the 
power and hydroelectric plant for Cornell University was put in by | 
their company, as Mr. Kerr had served as Trustee for the University 
for many years and was active in bringing Prof. R. H. Thurston to 
the Directorship of Sibley College in 1885. 

But the most considerable single undertakings with which Mr. Kerr 
will always be identified were the engineering of the great Southern 
Terminal Station in Boston, Mass., and the great uptown terminal of 
the Pennsylvania Railroad at the end of its tunnels under the Hudson | 
river, and the connecting subways in New York City. These are. 
splendid examples of the effective codperation of the architects and en- | 
gineers of the railways as owners and beneficiaries, and the consulting- 
constructing parties who were grouped together under Mr. Kerr’s 
leadership. The Pennsylvania Terminal at 33d Street and 7th Ave- 
nue was visited by the Society in a body under the guidance of Mr. 
Kerr and Mr. Gibbs, by their invitation, at the time of the Annual 
Meeting in New York in 1909. Mr. Kerr was persuaded to present 
an account of the Boston Terminal at the Annual Meeting of the Soci- 
ety in December 1899! which is a model of the clear and concise pre- 
sentation of a large topic. , 
1Trans. Am.Soc.M.E., vol. 21, p. 451. 
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1837 in New York 
City, and received his early education in the public schools and in the 
Free Academy, now the College of the City of New York. In 1852 
he began a two years apprenticeship with Charles W. Copeland of 
New York and in 1854 entered the drawing-room of the Morgan 
Iron Works, New York, as draftsman and machinist. In May 1859 
he was appointed third assistant engineer, U.S.N., from which post he 


John Edwards McKay was born February 


resigned after serving one year, and was again employed by Cope- 
land and by the Coast Survey. In August 1862 he was reappointed 
to his former grade in the Navy, in December promoted to second 
assistant, and in May 1864 made first assistant, retaining this 
At that time men in the service of the 
Navy with practical experience as well as ability to design and 
make drawings were much in demand, and as Mr. McKay was well 
equipped in these respects he was ordered to shore duty at Washing- 
ton, D. C., where under the direction of Benjamin F. Isherwood, 
chief of the Bureau of Steam Engineering, he made designs and draw- 
ings of marine engines, boilers, etc., for many of the government war- 
From 1868 to 1872 Mr. Mckay was superintendent of the 
Wood and Mann Engine Company, Utica, N. Y., designing and con- 
He in- 
this time a very excellent automatic variable cutting-off 


position for two years. 


boats. 


structing many steam engines, rolling-mills, saw-mills, ete. 
vented at 
for steam engines. 

In 1872, at the request of Mr. Tracey, chief engineer of the Croton 

- Aqueduct, Mr. McKay severed his connection with the Wood and 
Mann Company and entered upon a public service career. During 

the long period dating from 1872 until his death on May 12, 1910, 
Mr. McKay was connected successively with the Departments of 
Public Works, of Water Supply, and of Water Supply, Gas and Elee- 
tricity of New York City, and was prominently identified with the 
many important improvements and extensions in connection with 
the water supply of the Boroughs of Manhattan and the Bronx, 
as they are now called, and with the care and maintenance of the 
system. 

Included in the work done by Mr. McKay were vne design and 
supervision of the construction of the tower, chambers, gates, 
screens, pipes, ete., in connection with the storage reservoir on the 
west branch of the Croton River at Boyds Corners, Putnam County, 
N. Y.; the design and preparation of the plans for the storage reser- 
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voir on the middle branch of the Croton River near Brewster's Sta- 
tion, Putnam County, N. Y.; the design and drawing of the junction 
gate-houses and appurtenances, at 113th Street and Amsterdam Ave- 
nue and at 93d Street near Columbus Avenue, New York City, 
and the drawings of the six lines of four-foot pipes between these 
gate-houses for the replacement of the old aqueduct between those 
points; the design and drawings of the first successful submarine 
pipe between Manhattan and Blackwells Islands for a supply 
of Croton water to the institutions on the latter; the design 
and drawings and superintendence of the installation of the 
five-million gallon pumping engine now in the High Bridge 
Pumping Station, and also the superintendence of the six-million 
gallon pumping engine in that station; the original studies and plans 
of the High Service Pumping Station, machinery, boilers, stand-pipe 
and tank, etc., between 97th and 98th streets near Columbus Ave- 
nue, New York City; the design and drawings and the superinten- 
dence of installation of a specially designed quick-action 36-inch 
valve in the gate-house of the Central Park reservoir for the control 
of a fire line to the lower part of Manhattan; drawings in connection 
with the Fourth Avenue improvement work from 42d Street to the 
Harlem River and the supervision of construction on this work. 
From 1903 until the time of his death Mr. McKay had responsi- 
ble charge of the Croton, the Bronx and the Byram water sheds 
and the storage reservoirs there, including the dams, gate-houses, 
aqueducts, pipelines and appurtenances and the distributing 
reservoirs in New York City, and was responsible for the proper 
conservation of the storage and the flow through the aqueducts to 
the city. 

Mr. McKay was a member of the American Society of Civil Engi- 
neers and the Engineers Club, and at the time of his death resided 
in White Plains, N. Y. 

JAMES D. MACPHERSON 

James D. Macpherson was born in Glasgow, September 15, 1872. 
He was educated in the public schools of his native city, and there 
served his apprenticeship in the machine shop, later going into tne 
drafting room of Lees and Anderson, builders of marine engines. 

After a cruise on a tramp steamer, as assistant engineer, he came 
to the United States in 1891, entering the service of the James Leffel 
Company, builders of turbines and water wheels, first in New York 
and later in their shops at Springfield, Ohio. While there he was 
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employed as assistant in the designs for the great turbine plant of the 
Niagara Falls Power Company and other work of similar character, 
until February 1898. He then entered the employ of the Diesel 
Motor Company of America, Providence, R. 1., as chief draftsman 
and assistant engineer. 

By careful reading and home study he had added much theoretical 
knowledge to his practical experience, and under the guidance of 
the chief designer, Arthur J. Frith, he mastered the elements of 
thermodynamics and of electrical science. During 1901 he was 
active in perfecting and improving the details of construction of the 
Diesel motor. In 1902 he was chief designer for Diesel engine work 
for the American and British Manufacturing Company of Providence, 

From August 1903 until his death he was in the employ of the 
American Diesel Engine Company, New York, first as assistant, and 
later as chief engineer. 

Mr. Macpherson died at Paterson, N. J., on November 9, 1910. 
He was a man of sterling integrity and loyalty, a careful and con- 
scientious engineer; and the mechanical success of the American type 
of Diesel engine is in large measure due to him. roo. 


He was a member of the Engineers Club of St. Louis. ~ 


WILLIAM METCALF 


William Metcalf was born at Pittsburg, Pa., September 3, 1838, and 
was educated there and at the Rensselaer Polytechnic Institute, from 
which he was graduated in 1858. Immediately after graduation he 
went into the employ of the Fort Pitt Foundry, as draftsman and after- 
wards as superintendent, and later joint proprietor. One of his chief 
duties as superintendent was the casting of mortars, shells and guns 
for the United States Government during the Civil War, at a time 
when the largest cast-iron guns ever made were being cast at this 
foundry. 

Soon after the close of the war, Mr. Metcalf bought an interest 
in the firm of Miller, Barr & Parkin, later Miller, Metcalf & Parkin, 
and after incorporation in 1889 known as the Crescent Steel Company. 
This company engaged in the manufacture of fine steel. In 1895, 
Mr. Metcalf retired from the Crescent Steel Company and in 1897 
organized the Braeburn Steel Company, of which he was principal 
stockholder and president at the time of his death, December 5, 
1909. His book, Steel, a Manual for Steel Users, is regarded as an 
authority. 
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Mr. Metcalf was a member and one-time president of the American 
Society of Civil Engineers and the American Institute of Mining Engi- 
neers, and was the first president of the Engineers Society of Western 
Pennsylvania. He had served as vice-president of the American Lron 
and Steel Association, and was a member of the Institution of Civil 
Engineers of Great Britain. In addition he was a member of the 
Duquesne Club of Pittsburg, the Century Association and Engi- 
neers Club of New York, and was actively engaged in hospital 
and charity work. He was appointed by the United States Govern- 
ment one of seven appraiseis for the condemnation of the property 
and franchise of the Monongahela Navigation Company, in March 
1897. 

Mr. Metcalf entered the Society in 1880 and served it as a Vice- 


WILLIAM NELSON PARSONS 


William Nelson Parsons was born at Northampton, Mass., Feb- 
ruary 15, 1869, and received his technical training as a special student 
in mechanical engineering at Cornell University. 

Mr. Parsons served his apprenticeship as a machinist with Charles 
C. Herrick of Northampton and later entered the employ of the Deane 
Steam Pump Company, Holyoke, Mass., and the Stanley Electric 
Manufacturing Company, Pittsfield, Mass. In 1900 he was employed 
in the drawing room of the Taft Pieree Company of Woonsocket, R. I., 
and at various times subsequently with the Goulds Manufacturing 
Company of Seneca Falls, N. Y., the Royal Electric Company of 
Montreal and the Steamobile Company of America, Keene, N. H. 
At the time of his death, April 24, 1910, he was chief draftsman 
for the Buffalo Bolt Company of North Tonawanda, N. Y. 

WALTER L. PIERCE ai! cute 

W alter L. Pierce was born at Boston, Mass., June 8, 1855, ae 
was educated at the public schools of Boston and New York. In 
1878 he entered the employ of the Lidgerwood Manufacturing 
Company, New York City, as a stenographer and, while holding 
this position acquired his technical training through private tutors 
from Stevens Institute. Mr. Pierce was connected with the Lidger- 
wood Manufacturing Company for thirty-two years, during twenty- 
nine of which he acted as its secretary and general manager. He 
died in New York City, December 10, 1910. . 
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Mr. Pierce was remarkable as an organizer and so perfect was his 
work that no detail of the great business that grew up under his 
hand was neglected during his long absences from his desk while 
seeking health. Besides his connection with the Lidgerwood Manu- 
facturing Company he was treasurer of the Hayward Company and 
of the Gorton and Lidgerwood Manufacturing Company, both of New 
York. He was a member of the Engineers Club, the Machinery Club, 
of which he was a director, a past-president of the National Metal 
Trades Association, and an associate member of the Society of 
Naval Architects and Marine Engineers. 


FRANCIS JOHN PLUMMER 


Francis John Plummer of Norwich, Conn., died April 5, 1910, and 
was buried at Worcester, Mass. 

Mr. Plummer was born at Lancaster, Mass., February 29, 1840. 
He was apprenticed from 1857 to 1860 to Ball & Williams of Wor- 
cester, Mass., and continued with them as journeyman machinist 
until 1863, subsequently becoming foreman and superintendent for 
Ball & Williams and R. Ball & Company, where he remained until 
1868. He then entered the employ of the 8. A. Woods Machine 
Company, of Boston, leaving them for a brief connection as partner 
with the firm of E. C. Taintor & Company, of Philadelphia. Return- 
ing to the Boston firm, he took charge of the works and acted as 
superintendent from 1878 to 1885. His next connection was with 
Goodell & Waters of Philadelphia, also builders of wood-working 
machinery, where he held for five years the position of designer of 
planing-mill machinery. In 1890 he became associated with C. B. 
Rogers & Company of Norwich, Conn., of which he was superinten- 
dent and manager until 1907, when ill health compelled his resigna- 
tion. His work was almost exclusively the design and manufacture 
of wood-working machinery, especially planing, molding and sawing 
machines for general building and car work. Many of his inven- 
tions are now extensively manufactured by the American Wood- 
Working Machinery Company. 

Mr. Plummer was a member of Sedgwick Post, G. A. R., having 
enlisted from Worcester with the Third Batallion Rifles in April 1861; 
and of several masonic orders. He entered this Society in 1891. 


CHARLES T. PORTER 


he Charles Talbot Porter, a charter member of the Society and 
recipient of the John Fritz Medal for his ‘‘work in advancing the 


| 
9 
@ 
ue 


NECROLOGY 


knowledge of steam engineering and for improvements in engine 
construction,” died in New York, August 28, 1910, at the home of 
his son, Louis Morgan Porter. 

Mr. Porter was born at Auburn, N. Y., January 18, 1826. He was 
descended from a notable line of New England ancestors including, 
on his father’s side, the Rev. Jonathan Edwards, and on his mother’s 
side, Governor John Winthrop of Massachusetts and Governors 
Saltonstall and Winthrop of Connecticut. He was graduated from 
Hamilton College in 1845 and at the fiftieth reunion of the class 
presented the Half-Century Annalist’s Letter, a feature of the annual 
meetings of the Hamilton alumni. After graduation he read law in 
his father’s office in Auburn, and was admitted to the bar in 1847. 
The next year he married Harriette S. Morgan of Aurora, N. Y., and 
their married life was unbroken until within a few weeks of Mr. Por- 
ter’s death, when Mrs. Porter died. 

After practising his profession for six or seven years, first at Roch- 
ester and afterwards in New York City, Mr. Porter became interested 
in mechanics in connection with a stone-dressing machine invented 
by one of his clients, which failed to operate satisfactorily. Believ- 
ing that the fundamental principles of the machine were correct Mr. 
Porter went to work to improve it, picking up by the way a knowledge 
of drafting and designing, and therein brought out his latent mechan- 
ical ability. The stone-dressing machine was driven by a steam engine 
which he desired to run at high speed, but the governor was of the 
usual simple fly-ball type which could not be speeded up and conse- 
quently the regulation of the engine was faulty. To remedy this 
defect Mr. Porter was led to design and perfect his well-known cen- 
tral counterpoise type of governor which has since carried his name. 

Subsequently came the development of the high-speed Allen steam 
engine, later known as the Porter-Allen engine, which was essentially 
the life-work of Mr. Porter. The first engine was built in this country 
and shown at the London Exhibition of 1862, equipped with tue Porter 
governor, and operating non-condensing. In 1867 at the French Expo- 
sition five engines were installed, the only high-speed engines exhib- 
ited. 

The exhibit at London and subsequent attempts to sell engines of 
this type in England showed the demand to be entirely for condens- 
ing engines. This brought about the development by Mr. Porter of 
a jet condenser to be direct-connected to his engines, with an air 
pump adapted to the high speed at which the engines ran. The build- 
ing of these engines was begun in England in 1864. 
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In his work in steam engineering Mr. Porter became associated 
or intimately acquainted with many of the early distinguished engi- 
neers, notably with John F. Allen and Charles B. Richards. Mr. Allen 
had originated a link and valve motion for steam engines, well adapted 
for use with the Porter counterpoise governor, and it was the com- 
bination by Mr. Porter of this mechanism with his governor, together 
with Mr. Porter’s advanced ideas upon high rotative speeds and meth- 
ods of engine construction, that resulted in the Porter-Allen engine. 

Along with the study of steam economy was the need of a steam- 
engine indicator adapted to high speeds. This led to the design by 
Mr. Richards of the first indicator to meet these requirements. The 
patents were acquired by Mr. Porter and an instrument was shown 
in connection with the engine at the London Exhibition. It was 
shortly afterwards manufactured by Elliott Brothers of London. 

In the early manufacture of his engines, many practical difficulties 
had to be met owing to the crudeness of machine shop methods. 
Numerous devices and systems of manufacturer were introduced 
by Mr. Porter to attain the accuracy, without which successful 
high-speed machinery would be impossible. 

In 1868 Mr. Porter returned from England, formed a partnership 
with Mr. Allen and began the manufacture of engines in a small shop 
in Harlem, N. Y. During the three years of business depression, be- 
ginning with 1873, the manufacture of the engines was discontinued, 
but later was begun at the Hewes and Phillips Iron Works at Newark, 
N. J., under Mr. Porter’s own name. They have since been manu- 
factured by the Southwark Foundry and Machine Company at Phila- 
delphia. 

In 1880 Mr. Porter installed a high-speed steam engine in the Edi- 
son laboratory at Menlo Park, N. J., which marked the beginning of 
direct-connected generators. Following this, the first of a series of 
engines for so-called steam dynamos was constructed for the Edison 
Station at Pearl Street, New York, each independently driven by a 
direct-coupled engine. 

While these events are important in the history of the high-speed 
engine for electric generating, the introduction of Mr. Porter’s en- 
gines into rolling-mill work was of even greater moment. The early 
processes were deliberate because man was habituated to slow move- 
ments. The first power came from the slow-turning water-wheel, 
later from the slow-speed steam engine. Faster movements were 
obtained through gears and belts and then came the direct-connected, 
easily controlled high-speed engine. 
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At the first Annual Meeting of the Society in 1880, Mr. Porter 
read a brief paper upon The Strength of Machine Tools,' and he 
subsequently presented numerous others. At the beginning of the 
manufacture of the Richards indicator, he prepared for the makers, 
Elliott Brothers of London, a brief treatise on the Steam Engine 
Indicator, and in 1874 this was revised and very much enlarged by 
him and brought out simultaneously in London and New York. 
This contained the tables of the properties of saturated steam which 
so long remained a standard, based upon the experiments of 
M. Regnault. Not long before his death he published his Engineer- 
ing Reminiscences, which are an interesting and valuable account 
of many incidents in the development of steam engineering. Mr. 
Porter was a member of the Board of Judges at the Centennial 
Exposition of 1876. 


Iityd Isaac Redwood was born in London, December 16, 1863. 
He was educated at private schools, attending courses in elementary 


mechanics and drawing, afterwards supplementing them by even- 
ing study. 

He began his career as a chemist in 1879 when for two years he 
acted as assistant to his father, Dr. Theophilus Redwood of the 
Pharmaceutical Association of Great Britain. In 1882 he became 
assistant chemist in the laboratory of Young’s Paraffin Light and 
Mineral Oil Company, Ltd., in Scotland, and in 1887 entered the 
employ of the Queen’s County works of the Standard Oil Company 
at Blissville, Long Island, where he became successively chemist, 
foreman of various departments, assistant superintendent in charge 
of construction work, and draftsman. Since 1897 he had been 
technical manager and expert adviser of the English works of Borax 
Consolidated, Ltd., manufacturers of borax and allied products 

Mr. Redwood was a member of the Society of Chemical Industry, 
the Royal Society of Arts, and the Aéronautical Society of Great 
Britain. He entered this Society as an associate in 1890 and was 
made a full member in 1903. He was the author of several works, 
namely, Ammonia Refrigeration; Mineral Oils and their By-Products; 
Lubricants, Oils and Greases; and was a recognized authority in 
chemical engineering. 


1Trans. Am.Soe.M.E., vol. 1, p. 119. 
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Stillman Williams Robinson died October 31, 1910, at his home 

in Columbus, O. He was born near South Reading, Vt., March 6, 

1838, and earned the money to defray the expenses of his early 

education and to prepare himself for college as an apprentice to 

the trade of machinist. In 1860 he entered the University of 

Michigan, making his way to Ann Arbor mostly on foot and 

meeting his expenses on the way by working as a machinist. From 

here he was graduated in 1863 with the degree of C.E., having 

supported himself throughout the college course by skilled instrument 

making, while there inventing a machine for graduating ther- 

-mometers, in which work he was particularly interested. After 
graduation he entered the government service as assistant engineer 
in the United States Lake Survey, remaining until 1866 when he 
returned to his alma mater as an instructor in engineering. In 1870 
he became professor of mechanical engineering and physics in the 


Illinois Industrial University, now the University of Illinois, estab- 


lishing the first department of mechanical engineering inthis country; 
and in 1878 was made dean of the College of Engineering. In the 
sane year he was called to Ohio State University as professor of phy- 
sics and mechanical engineering and occupied that chair until 1895 
when he resigned in order to devote his time to his extensive profes- 
sional interests. 

_ Professor Robinson was the author of a number of important books 

and papers presented before various societies. He alsosecured about 
forty patents, many of which were fundamental and of great value. 
His inventions were based upon scientific research and mathematical 
investigation and were the results of skilful study. When the Ohio 
gas fields were first discovered, the problem of measuring the volume 
of flow was referred to Professor Robinson and solved by him in his 
brilliant application of the Pitot tube, resulting in methods now in 
universal use. 

His interest in education was always great and led him in 1890 to 
organize an association composed of teachers of mechanical engineer- 
ing which in 1893 developed into the present Society for the Promo- 
tion of Engineering Education. His interest in the University of 
Ohio did not cease with his retirement and he made at various times 

raluable donations to the equipment of its department of mechanical 
engineering, finally establishing the Robinson fellowship in engineer. 


ing as a permanent foundation. 


The following minute was adopted by the faculty of the Ohio State 
University, at its meeting following the death of Professor Robinson: 
As aman, Professor Robinson was an indefatigable worker. There 
was no limit to his enthusiasm and ambition in his professien. Per- 
sonally, he was modest and retiring, never claiming credit for himself 
though most generous in according it to his associates. He was 
greatly interested in the work of those around him, impressing his 
own enthusiasm upon the efforts of both colleagues and students, 
encouraging, stimulating and rewarding them. His memory and 
influence will long be felt in the lives of those who follow him and 
who have taken up his work. ry 
p- 
PERCY A. SANGUINETTI > 


Percy A. Sanguinetti was born in Kingston, Jamaica, B. W. I 


June 17, 1844, and died at his home in Mt. Vernon, N. Y., on 
January 30, 1910. 

At the age of sixteen, he entered service as an apprentice in the loco- 
motive shops of his native town. A few years later he received an 
appointment to the British Navy Yards at Chatham, England, where 
he worked through the various departments. During this time he 
passed a successful examination as teacher of mechanical drawing 


in the evening mechanical schools at South Kensington, London. 
In 1867, he was appointed by the Admiralty Board to represent the 
town of Chatham at the Paris Exposition and to report upon its 
mechanical features. 

His experience in the United States dates from the Centennial 
Exhibition at Philadelphia in 1876, where he served as assistant to 
the machinery bureau, designing the system of shafting and the cas- 
cade in the pump annex and assisting in the experiments with tur- 
bines. At the close of the Exhibition he entered the service of the 
Franklin Sugar Refinery in Philadelphia, where he remained twelve 
years, conducting during part of this time a course in mechanical 
engineering at Franklin Institute. In 1893 he acted as mechanical 
aid at the World’s Columbian Exposition in Chicago and for the 
following three years occupied the chair of mechanical engineering 
at the Armour Institute of Technology. In 1895 he came to New 
York to engage in consulting practice and during the two years pre- 
vious to his death had served in the appraisal bureau of the Public 
Service Commission. 

In 1901, Mr. Sanguinetti secured the codperation of a score of 
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representative manufacturers of this country in the introduction of 
American rachinery into Jamaica, especially in sugar plantation and 
power development. His latest work was the remodeling of a sugar 
refinery near New Orleans, which he completed just two months 
before his death. 


THOMAS H. SAVERY 


q 

Thomas H. Savery was born in Philadelphia, Pa.,on May 31, 1837, 
and died at his home in Wilmington, Del., April 5, 1910. He was edu- 
cated at the Westtown Boarding School and later at Friends’ Select 
School, Philadelphia. When sixteen years of age he was appren- 
ticed as a machinist to William Sellers and Company of Philadelphia, 
with which firm he remained for five years, becoming at the comple- 
tion of his term of service general foreman of the Columbus machine 
shops of the Columbus, Piqua and Indianapolis Railroad, and later 
foreman of the Altoona shops of the Pennsylvania Railroad. In Jan- 
uary 1864, he accepted a position as superintendent of Pusey and 
Jones Company of Wilmington, Del., was admitted as a partner, and 
was connected with the company as vice-president and then as presi- 
dent until his retirement in 1907 from active service. Mr. Savery 
was chiefly interested in the development of paper machinery and it 
was through his efforts and inventions that the Pusey and Jones Com- 


pany became the acknowledged leaders in building paper machinery. 

At the time of his death he was president of the Harpers Ferry 
Paper Company, the Shenandoah Pulp Company and the Harpers 
Ferry Electric Light and Power Company, Wilmington, Del. He 
was also a director in numerous companies in Wilmington, Philadel- 
phia and other cities. 


HORACE SEE 


Horace See, President of the Society in 1888, died in New York 
City on December 14, 1909. 

He was born in Philadelphia, and after the usual classical and mathe- 
matical education of the private school entered the shops of I. P. 
Morris & Company. Thence passing to Neafie & Levy, and the 
National a and Shipbuilding Company, at Camden, N. J., and 
Geo. W. Snyder of Pottsville, Pa., he entered on his best known life- 
work with William Cramp & Sons, Philadelphia. 

He rose here to be designer and superintending engineer in 1879, 
designing vessels and machinery of greatiy improved construction and 
performence, introducing i improv ed methods of work and standards i in 


that great establishment, and giving to the United States a ship- 
building plant of capacity and quality compare favorably with the 
products of the Clyde and Neweastle. It was under his leadership 
that the United States Navy contracts for the first vessels of what 
was then called the “New Navy of the United States” were taken, 
and the big ships of the American Line at that day bore his impress. 
It was at the zenith of this busy period, when he was confessedly 
the leader in his field, that the presidency of the Society was placed 
in his hands. He presided at the Nashville and Scranton meetings 
of 1888. 

The following year it became apparent that avenues of professional 
advancement would not open further for him in Philadelphia, so that 
he came to New York with the honors thick upon him won from his 
busy years. He became at once consulting engineer for the Newport 
News Shipbuilding and Dry Dock Company, Newport News, Va., and 
was the host of the Society on his visit to that plant at the Richmond 
meeting of 1890. He was superintending engineer for the Southern 
Pacific Company and the Pacifie Mail Steam Ship Company, and 
superintendent for the Cromwell Steam Ship Company, and in his 
private practice as a marine engineer and naval architect he designed 
and prepared specifications for many yachts and commercial vessels. 
Some of his improvements in hull and machinery are in inter- 
national use. 

Mr. See was adjutant of the Twentieth Regiment of the National 
Guard of Pennsylvania during the riots of 1877, and later Captain 
of the First Pennsylvania Regiment. Besides various business and 
social connections, he was a member of the Society of Naval 
Architects and Marine Engineers, of the Institution of Naval 
Architects of Great Britain, as well as of the Northeast Coast Insti- 
tute of Engineers and Shipbuilders, and the American Geographical 
Society; associate member of the American Society of Naval Engineers 
and the United States Naval Institute; and fellow of the American 
Association for the Advancement of Science. 

He contributed a paper on the method he introduced for producing 
true crankshafts for multiple-cylinder engines', and his presidential 
address was a discussion of manual training and methods of 
instruction for technical work’. 


1 Trans. Am.Soc.M.E., vol. 7, p. 521. 
2 Trans. Am.Soc.M.E., vol. 10, p. 482. 
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OLIVER 8S. SHANTZ 


‘ Oliver S. Shantz was born at Breslau, Ontario, Can., August 12, 
1863, and received his early education at the Berlin and Ithaca high 
schools. From 1879 to 1886 he was apprenticed to J. Y. Shantz 
and Sons, Berlin, Ontario, manufacturers of automatic machinery. 
In 1893 Mr. Shantz was graduated from Sibley College, Cornell Uni- 
versity, with the degree of M.E. and six years later received a master’s 
degree in mechanical engineering from the same university. He 
Was successively engaged as engineer and designer for Schaeffer 
and Budenberg, New York City, for one year; as instructor in 
mechanical engineering at Cornell University for four years; as 
draftsman for the Otis Elevator Company, New York City; sales- 
man for the Tonkin Boiler Company, New York, and assistant 
engineer with the Edison Portland Cement Company, of Orange, 
N. J. In 1901 Mr. Shantz affiliated himself with the Rand Drill 
Company of New York, representing them in Chicago, and while 
with this company made a specialty of sand pumping, installing 
many large plants of this character. In 1905 the Rand Company 
was merged into the Ingersoll-Rand Company of New York and 
Mr. Shantz took charge of their interests in Detroit. Four years later 
he re-entered the employ of J. Y. Shantz and Son Company, Buffalo, 
N. Y., manufacturers of buttons, in the capacity of assistant 
manager. 

Mr. Shantz died on September 7, 1910, after an illness of a few days. 
He was a member of the Manufacturers’ Club and the Chamber 


of Commerce, Buffalo. 
GARDINER C. SIMS 


4 > Gardiner C. Sims, president of the William A. Harris Steam Engine 
Company, died at his home in Providence, R. I., on March 20,1910. 
Mr. Sims was born in Niagara Falls, N. Y., July 31, 1845, and was 
educated there in the public schools. He began his engineering career 
with a four years’ apprenticeship at the locomotive works of the N. 
Y.C. & H. R. R. R. Co., West Albany, N. Y., afterward entering the 
navy yard at Brooklyn, N. Y., but returning to his former employers 
after three years, to become their chief draftsman. He next became 
superintendent of the J.C. Hoadley Engine Works at Lawrence, Mass. 
Here he met Pardon Armington, with whom he formed a partner- 
ship for the manufacture of steam engines, both men devoting their 
entire time to experimental work as a result of which they gave to the 
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world the quick-running engine, in opposition to the established 
engineering practice and precedents. They built the first successful 
engine for Thomas A. Edison, which was sent to the Paris Exposi- 
tion with his first dynamo, in 1881. 

In 1876 Mr. Sims spent eight months at the Centennial Exposition 
znd was appointed democratic commissioner from the State of 
Rhode Island to the World’s Columbian Exposition in 1892, where 
he was made chairman of the Exposition committee on electricity 
and electric and pneumatic appliances, and was a member of the 
committee on machinery and transportation. 

At the outbreak of the war with Spain, Mr. Sims volunteered, and 
was appointed Chief Engineer by the Navy Department and ordered 
to the navy yard at Boston. For his work in this branch of the 
service Mr. Sims was made a lieutenant-commander and received 
congratulatory letters from Secretary Long and Engineer-in-Chief 
George W. Melville. 

At the close of the war he was summoned by the War Department 
to assume the position of superintending engineer of the United 
States Army Transport Service, and discharged his duties with honor 
until the completion of the work. He was appointed police com- 
missioner in 1902, and at the time of his death was connected with 


the William A. Harris Steam Engine Company of Providence, R. I. 


J. HENRY SIRICH, JR. 


J. Henry Sirich, Jr., died January 22, 1910, at Bethlehem, Pa. He 
was born at Baltimore, Md., April 9, 1881, and received his technical 
education at the Baltimore Polytechnic Institute, from which he 
was graduated in the class of 1898. He served his apprenticeship at 
and afterwards entered the drafting room of the engineering works of 
Robert Poole & Son Company, now the Poole Engineering & Machine 
Company, of Baltimore. 

In April 1903 Mr. Sirich became an assistant engineer on the steam- 
ships of the Atlantic Transport Line, remaining with them a year 
during which he secured a United States license as second assistant 
engineer of ocean condensing steamers of 10,000 gross tons. From 
1904 to 1908 he was connected with the American Bridge Company 
at Ambridge, Pa., and the Westinghouse Machine Company, East 
Pittsburg, Pa. In the latter company he entered first the turbine- 
testing department, of which he became foreman in September 1905, 
and later was transferred to the turbine-erecting department of the 
New York district, as trouble foreman. Te 
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~ In July 1908 he became connected with the power department of 
the Bethlehem Steel Company and held the position of chief drafts- 
man at the time of his death. 


WILLIAM W. SNOW 


William W. Snow who died at his home in Hillburn, N. Y., April 
26, 1910, was born at Heath, Franklin County, Mass., July 17, 1828. 
At fifteen years of age he took up the book-binding trade, but in 
1846 left it to become assistant civil engineer with the Worcester 
and Nashua Railroad. In 1848 he went to Woonsocket, R. L., 
and for the five succeeding years was employed in the foundry at 
that place, when he accepted a position as superintendent of the 
Indianapolis City Foundry. In 1856 he established a factory at 
Newburgh, N. Y., for the manufacture of car wheels. This business 
was successfully carried on under the general management of Mr. 
Snow until 1859, when he withdrew his interests to become general 
manager of the Union Car Wheel Works, Jersey City, N. J. In 
1866 Mr. Snow came to Ramapo, N. Y., and with others organized 
the Ramapo Wheel and Foundry Company, of which he was made 
general manager and superintendent and finally president. In 1881 
he organized the Ramapo Iron Works in Hillburn, N. Y., a village 
founded by himself. Nine years later he began the erection of com- 
modious buildings in Mahwah and installed therein the Ramapo 
Iron Foundry Company. He was the president of this company 
until its consolidation with the American Brake Shoe and Foundry 
Company when he became chairman of its Executive Board, which 
position he held at the time of his death. 

In 1895 Mr. Snow was appointed by Governor Morton one of the 
New York State commissioners to the Atlanta, Ga., Exposition. He 
joined this Society in 1889 and was also a member of clubs in Boston, 
Philadelphia and Chicago. He was well known in European circles 
as one of the most prominent manufacturers of this country. 


ERNEST PACKARD SPARROW 


Ernest Packard Sparrow, who died in Dorchester, Mass., on April 
18, 1910, was born at Portland, Me., September 17, 1857, and 
received his early education from the Westbrook Seminary. In 
1880 he was graduated from the Worcester Polytechnic Institute with 


the degree of B.S. ere 
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Mr. Sparrow’s first shop experience was with the Indurated Fibre 
Company, Gorham, Mass. He was subsequently associated with 
the Fitchburg Steam Engine, the Mather Electric Light, the Thomp- 
son-Houston Electric Light, the Jarvis Engineering, the E. P. Allis, 
the Boston Rubber Shoe, and the New Brunswick Rubber companies. 
For the past few years he had been associated with the B. F. Sturte- 
vant Company of Hyde Park, Mass., where he was engaged on 
special engineering work. 

Mr. Sparrow was affiliated with several benevolent orders and 


ALBERT SPIES 


On August 16, 1919, Albert Spies, editor and proprietor of Foundry 
News, died suddenly at his home, 40 Glenwood Avenue, Jersey City, 
N.J. He was born in New York City, July 20, 1862, and received his 
early education from tutors and at the Hoboken Academy. When 
only nineteen years old he was graduated from Stevens Institute of 
Technology, and for a number of years engaged in engineering practice 
and technical journalism. In 1893 he became editor of Cassier’s 
Magazine, and in 1904 also assumed the editorial conduct of the 
Electrical Age. For several months he brought out both papers 
practically unaided until the pressure of work forced him to relinquish 
his activities on the latter journal in January 1906. In the fall of 
1906, following the death of Louis Cassier, Mr. Spies severed his 
connection with both papers and in February 1907 became editor of 
the Electrical Record, continuing until early in 1910 when he re- 
signed to bring out his own paper, Foundry News. Only four issues 
were published prior to his death. 

Mr. Spies was a member of the Engineers Club and the American 
Institute of Mining Engineers, as well as an associate member of the 
American Institute of Electrical Engineers. 


SAMUEL EVANS STOKES 


Samuel Evans Stokes, the son of Dr. John H. Stokes, was born at 
Moorestown, N. J., on October 3, 1846, and died at his home in Ger- 
mantown, Philadelphia, on November 12, 1910. He was graduated 
from the Lawrenceville school in 1863 and immediately went into 
the machine works of Isaac P. Morris and Company in Philadelphia. 
Here he remained for four years, going from one department to 
another and becoming an expert machinist and draftsman. After 
two years spent in large works in Detroit he formed a partnership 
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with Alfred Parish, known as the Stokes and Parish Machine Works. 
In 1876 this firm obtained the concession for all the machinery re- 
quired by the Centennial Commission and the exhibitors and were 
given entire charge of Machinery Hall and the erecting of exhibits, 
also building a steam elevator which ran from the main hall to the 
roof. Shortly afterward the firm began to build hydraulic elevators 
which soon became their specialty. 

In 1885 a serious nervous breakdown made it necessary for Mr. 
Stokes to retire from active business, and the firm was taken over 
by the Otis Elevator Company of New York. In 1896 Mr. Stokes 
went abroad with his family, remaining in Europe for two years. 


CHARLES SWINSCOE 


~ Charles Swinscoe, consulting engineer of the Clinton Wire Cloth 
Company, Clinton, Mass., was born at Nottingham, England, Jan- 
uary 1, 1833. His early education was received in the Collegiate 
School, Manchester, England. He came to this country when a lad 
and at one time was Fourth Officer on the Dreadnought under Capt. 
Samuel Samuels. 

From 1851 to 1854 Mr. Swinseoe studied practical mechanics in 
his father’s shop. In 1867 he established the steam pump works of 
the Geo. F. Blake Manufacturing Company, at Boston, designing 
most of the work. In 1876 he left this company to take charge of 
the Reading Hydraulic Works, designing its steam pumping ma- 
chinery. From 1878 to 1880 he was in charge of the Bay State 
Brick Company and after that date of the Clinton Wire Cloth 
Company, Clinton, Mass., of which in 1903 he became consulting 
engineer. He died at Clinton, Mass., November 5, 1909. 

Mr. Swinscoe was a musician of ability and was president of the 
Clinton Choral Union and organist of the Episcopal Church for many 
years. He was a member of the Clinton Historical Society, and 


joined this Society in 1887. 

1 7 Robert Barnard Taleott was born at Richmond, Va., December 1, 
1863, and educated at the publie and private schools of that city 
and of Washington, D. C., later receiving instruction in mechanical 
drawing in the evening courses of the Linthicum Institute, George- 
town, D.C. 

He started his business career by entering the office of W. H. 
Tenny and Company, merchant millers, Washington, D.C. In 1882 


ROBERT BARNARD TALCOTT 
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he became draftsman for the E. D. Dent Company, and in 1884 
for the supervising architect of the United States Treasury. From 
October 1906 to February 1909 he was general manager of the 
Vacuum Cleaner Company of New York City. With the exception 
of this period, Mr. Talcott, remained in the heating and ventilating 
division of the supervising architect’s office of the United States 
Treasury until October 1910, when he was furloughed on account of 
his health. He was at various times assistant chief engineer in this 
office, consulting mechanical engineer of the Department of Agricul- 
ture in Washington and consulting mechanical engineer in connec- 
tion with the power plant for the United States Soldiers’ Home, 
Washington, and the Walter Reed United States Army Hospital, 
Washington. He died December 4, 1910, at Lutherville, Md. 
Mr. Talcott became a member of this Society in 1907. He was 
also a member of the American Society of Heating and Ventilating 
Engineers and the American Society of Inspectors of Plumbing and 
Sanitary Engineers. 


FREDERICK MERIAM WHEELER 


Frederick Meriam Wheeler of Montclair, N. J., died at his summer 


home in Westhampton, Long Island, on September 15, 1910. 

Mr. Wheeler, who was born in Brooklyn, N. Y., in 1848, was grad- 
uated from Summit Academy in New Jersey, and subsequently 
attended the Polytechnic Institute, Brooklyn, N. Y. His early appren- 
ticeship was served in the machine shop of the Lake Mills, Lake 
Village, N. Y., and he later studied mechanical engineering for five 
years under Henry J. Davison of New York City. Hemade hydraulic 
and marine engineering his specialty and for over thirty-four years 
was associated with the George F. Blake Manufacturing Company, 
of New York, of which he became director and secretary. When 
the company was absorbed by the International Steam Pump Com- 
pany, together with other hydraulic works, Mr. Wheeler was made 
a director in the new company. 

Mr. Wheeler was the inventor of the Wheeler surface condenser 
which is extensively used in this country and Europe and has been 
adopted by the United States Navy. He organized the Wheeler 
Condenser and Engineering Company, with works at Carteret, N. J., 
and was also officially connected with the Ludlow Valve Manufac- 
turing Company of Troy, N. Y. 

Mr. Wheeler was a charter member of the Society of Naval 
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Architects and Marine Engineers, and was also a member of the 


American Society of Naval Engineers and of the Engineers Club of 
_ New York. He served as a member of the advisory council of the 
Engineering Congress at the Columbian Exposition in 1892, and had 
for many years been prominent in public and social circles in his 
home city. He was one of the charter members of the Society. 


ALFRED WILKINSON 


Alfred Wilkinson, who died at his home in Bridgeport, Pa., on 
August 30, 1910, was born at Stockport, in Cheshire, England, May 
17, 1845. Here he attended the common schools and the Mechanics 
Institute. When fourteen years of age he came to the United 
States, entering the Richmond shops of the Philadelphia and Reading 
Railroad Company where he remained till 1862. When the Civil 
War broke out he enlisted in the navy and ‘erved under Admiral 

Farragut, being promoted for meritorious service to third assistant 
engineer. At the close of the war he entered the employ of Carr, 
Crawley and Devlin, Philadelphia. In 1876 he opened an office of 
his own in Philadelphia as expert steam engineer, and in 1891 invented 
the automatic mechanical stoker which today bears his name and 
which is extensively used on ocean liners and in large manufacturing 
plants. In the same year Mr. Wilkinson organized the Wilkinson 
Manufacturing Company at Bridgeport, Pa., and began the manu- | 
facture of his invention. He was at the time of his death president 
of the company. 

Mr. Wilkinson was a member of the Franklin Institute and the 
Manufacturers’ Club of Philadelphia. He inherited his mechanical 
genius from his father, Joseph Wilkinson, who invented a cook stove 
and an automatic oil cup for steam engines. 


CHARLES HENRY WILLCOX 


Charles Henry Willcox died at his home in Westport, Conn., on 
September 13, 1909. Mr. Willcox was born in Little Falls, N. Y., 
on March 31, 1839, and was the son of James Willcox, founder and 
president of the Willcox & Gibbs Sewing Machine Company. He 
entered his father’s business at the age of eighteen and was contin- y 
uously connected with the company as mechanical engineer from 
1866 until his retirement a few years before his death and most of 
that time as director. The natural bent of his mind was toward — 
mechanics and in collaboration with James E. A. Gibbs he developed _ 
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and placed on the miarkeet the invention of the single-thread chain- 
stitch sewing machine, which is now so widely used in the making 
of wearing apparel. Other patents followed, in particular that of 
the automatie tension, which it is said consumed ten years of patient 
experimentation before it was perfected. Mr. Willeox was also the 
inventor of two straw-hat sewing machines, in one of which the 
stitch is visible and in the other the stitch concealed. These two 
machines are used to-day in the manufacture of fully 90 per cent 
of all straw hats made. The knit goods manufacturing field also re- 
ceived an impetus through the invention of the Willeox & Gibbs hos- 
iery trimming machine. The overlock machine worked out by Mr. 
Willcox in collaboration with the late Stockton Borton, was a great 
advance over the hosiery trimming machine and is recognized as one 
of the finest mechanical productions in sewing machines. Through 
the ornamental character of its stitch it has been adopted in lines of 
manufacture other than that for which it was originally intended. 

In addition to his connection with the Willeox & Gibbs Sewing 
Machine Company, Mr. Willeox was for forty years affiliated ne 
the Brown & Sharpe Manufacturing Company, Providence, =. 
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